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 SYNOPSIS
The Commercial Navigation Appendix describes the effects of limited regula-
tion of Lake Erie on commercial navigation interests within the Great Lakes -
St. Lawrence River system.
The effects on navigation were determined by comparing the transportation
costs under limited regulation of Lake Erie, with the costs under the present
Lake Erie outlet conditions. Transportation costs were determined for the
four bulk commodities of iron ore, coal, limestone, and grain which comprise
nearly 85 percent of all Great Lakes traffic. Evaluation of commodities
comprising the remaining 15 percent would not affect significantly the
results.
The analysis involved forecasting of major operational elements of the navi-
gation system, such as vessel characteristics, vessel operating costs, traf-
fic volumes, trade routes, etc. Transportation costs for 1985, 2000, and
2035 were determined using a computer model which calculated effects on
vessel loading and therefore transportation cost using the water level regime
determined in the regulation study. All costs and benefits are based on 1979
price levels, using an interest rate of 8-1/2 percent. The benefits or
losses are expressed as total present worth values for the period 1985
through 2035, and as equivalent average annual values.
Limited regulation of Lake Erie would have the effect of lowering the water
levels of that lake as well as those upstream. As a result, there would be
losses to navigation interests. The losses depend on the degree of the lake
level lowering and range from about $1,000,000 annually for Plan 6L to about
$10,000,000 annually for Plan 25N. As an additional exercise, the cost of
dredging all United States harbors and the interconnecting channels of the
Great Lakes to offset the lowering effect was also estimated.
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e
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pre
par
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the
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ad
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ra
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t.
At
th
e
so
ut
h
en
d
of
La
ke
Mi
ch
ig
an
,
it
jo
in
s
wi
th
th
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Ri
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Ri
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ra
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r.
Th
e
sh
al
lo
w
dr
af
t
Ri
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combined populations of Canada and the United States, live in this area.
This system also serves the large Canadian mining operations in Quebec and
Labrador and metropolitan areas on the St. Lawrence River in Quebec.
The Midcontinent of North America is a highly productive area. It pro-
duces about 34 percent of the combined gross national products of the United
States and Canada, a third of their capital investments and about 30 percent
of their combined personal incomes. Its industrial- and agricultural-based
economy accounts for 37 percent of values added to manufacture in Canada and
the United States, and over 42 percent of the two countries' total agri-
cultural income. Heavy industry is predominant (steel and other metals,
transport equipment, and machinery). The agricultural sector is concentrated
on grains, livestock, dairy and poultry products, with much of this produc-
tion being surplus to the area's requirements. At the same time, the region
is a net importer of light and diversified industrial products, fiber, fish
and forestry products. The Midcontinent region depends heavily upon
transportation, initiating 42 percent of the total tonnage of rail freight in
the United States, and 45 percent of the rail movement in Canada, and being
the destination for over 41 percent of the shipments of the United States,
and 38 percent of Canada. Moreover, it is the strategically located centre
of both nations through which most of the other east-west interregional traf-
fic and much of the north-south contiguous trades must flow. The United
States Midcontinent portion generates over one-third of the nation's exports
of manufactured products.
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Section 2
EVALUATION METHODOLOGY
2.1 Introduction
A
small
change
in
the
regime
of
water
levels
in
any
part
of
the
Great
Lakes
-
St.
Lawrence
River
system
can
have
an
effect
on
the
cost
of
shipping
certain
bulk
commodities
in
the
system.
This
section
describes
the
methodo-
logy
which
was
established
by
the
Navigation
Subcommittee
to
assess
those
impacts
quantitatively.
Basically,
the
methodology
is
a
detailed
mathemati-
cal
procedure
which
calculates
the
annual
cost
of
transporting
bulk
water-
borne
commerce
in
the
system
under
any
given
regime
of
water
levels.
Benefits
or
losses
to
the
shipping
industry
are
determined
by
comparing
the
transportation
cost
under
an
alternative
scenario
to
the
cost
under
the
base
condition
(where
Lake
Erie
is
unregulated).
The
rationale
behind
the
metho-
dology
is
based
on
the
effect
of
changes
in
water
depth
on
the
allowable
draft
and
loading
of
ships.
This
is
discussed
in
Section
2.2,
and
the
major
assumptions
used
in
establishing
the
assessment
model
are
given
in
Section
2.3.
Because
of
the
comprehensive
level
of
detail
in
the
assessment
model,
the
model
was
computerized,
using
three
programs.
The
component
elements
of
these
programs
are
described
briefly
in
this
section,
and
are
described
fully
in
Annex
C
to
this
appendix.
The
complete
program
listings
are
also
included
in Annex C.
2.2
Rationale
for
Assessing
Economic
Impacts
The
relationship
between
lake
levels
and
the
cost
of
transporting
bulk
commodities
is
based
on
the
allowable
draft
of
shipping.
Lake
vessels
tend
to
take
advantage
of
every
inch
of
available
depth
because
shipper's
profits
essentially
come
from
the
last
few
inches
of
loading.
In
the
Great
Lakes-St.
Lawrence
River
system,
allowable
draft
is
limited
by
one
of
two
factors,
either
the
depth
of
water
available
in
the
harbors
and
connecting
channels
between
the
lakes,
or
the
legal
allowable
draft
specified
under
Seasonal
Load'
Line
Regulations.
Except
under
very
high
water
conditions,
available
water
depth
is
generally
the
governing
factor.
When
the
water
depth
in
a
part
of
the
system
is
altered
by
a
change
in
lake
levels,
the
allowable
draft,
and
therefore
the
loading
of
ships
wishing
to
use
that
part
of
the
system
at
that
time
may
be
affected.
For
instance,
230
tons
of
cargo
must
be
left
behind
for
every
inch
less
in
the
allowable
draft
of
a Class
10
(1,000-foot)
laker.
Any
change
in
the
loading
capacity
of
ships
on
a
route,
results
in
a
change
in
the
number
of
trips
required
to
move
a
given
volume
of
goods
over
that
route.
A
change
in
the
number
of
trips
required,
changes
the
total
operating
expenses
involved,
in direct
pro-
portion
to
the
time
involved.
Thus,
the
total
cost
for
transporting
those
goods
will
change
inversely
with
the
change
in water
levels.
In
this
study,
a raising of transportation cost
is termed a "loss"
to navigation,
and
lowering of costs is termed a "benefit."
  
 Because of the physical maximum draft capability of ships, as set by
their Seasonal Load Line Regulations, there will not necessarily always be a
benefit or loss associated with a change in levels. For instance, there will
be no further benefit realized when water depths are increased beyond the
ships' loading capability. Similarly, there is no loss incurred by lowering
water depth, if vessel load limit regulations remain the controlling factor.
Draft limitations in the Welland Canal and Montreal-to-Lake Ontario por-
tion of the St. Lawrence Seaway also tend to buffer the effect of small water
level changes on shipping which pass through those reaches. In these por-
tions of the Seaway, allowable draft is restricted to 26 feet regardless of
small fluctuations in water depth above the minimum profile (controlling
depth). Therefore, additional water depth above controlling depth provides
no benefit. However, lowering the depth below the controlling depth would
result in a decrease in allowable draft and a loss to shipping.
This reasoning, in combination with the basic assumptions regarding
future operations of the system, which are outlined in the next section,
forms the basis of the evaluation methodology.
2.3 Major Assumptions
The assessment methodology is composed primarily of forecasts and pro-
jections concerning the operation of the future navigation system.
There are
many things political that can affect the future operation of the system that
cannot be predicted very far in advance. These include wars, major
depressions and government transportation policies.
To cover the uncertain-
ties in these areas, the following assumptions were made:
1. There will be no wars or national economic depressions during the
period of projection.
2. Policies, including those concerning tolls and user charges, will
not change to an extent which would seriously unbalance the
present relationships between modes of transportation.
Regarding the overall philosophy of the system's operation, it was
assumed that existing trade patterns and national fleet utilization on the
lakes would continue essentially unaltered. This was mainly because of the
absence of any current indication that the future would bring significant
change. Specifically, the assumptions in these areas are as follows:
3.
Except for some new or changed sources and markets for portions of
some bulk trades (e.g. western coal), there will be no other radi-
cal changes in the sources and markets of the principal commodities
moving on the Great Lakes, and therefore, no other major changes in
the present general pattern of traffic.
4. The patterns and proportions of utilization of the two national
fleets in the lakes bulk trades will remain unchanged.
D-9
Further details regarding trade patterns and fleet utilization are given
in Sub-sections 2.5.1 and 2.5.2.
Since major structural changes to the system are uncertain at this time,
the following assumption was made:
5.
The
b.
\h.
The major physical make-up and operational aspects of the navigation
system, as it presently exists, will remain essentially unchanged
for the entire period of projection. That is, there will be no
major development or modernization, except the Poe Lock which will
be permitted to pass vessels of 1,100 feet by 105 feet after 1990.
major structural features of the system currently are as follows:
35-foot minimum depth in the St. Lawrence Ship Channel up to and
including some berths in Montreal Harbor;
27-foot controlling depth in the main canals and channels in the
system above Montreal;
Maintenance of present controlling depths in all major Canadian har-
bors handling a significant volume of one or more of the com-
modities analyzed, for the entire period of projection;
The tonnage shipped to United States harbors with less than 27 feet
available water depth will decrease in the future as harbors are
deepened to allow more efficient operation;
26-foot maximum permissible draft in the St. Lawrence Seaway,
including the Welland Canal;
1.5-foot minimum allowable underkeel clearance in all parts of the
system except the Seaway and the Welland Canal;
730 feet by 76 feet maximum vessel dimensions for all locks except
the Poe Lock; and
1,000 feet by 105 feet maximum vessel dimensions for the Poe Lock
until 1990, and 1,100 feet by 105 feet after 1990.
As directed by the Study Board, Assumption 5 included the continuance of
the present navigation seasons for the various reachesof the system. The
navigation seasons which were used for the entire period of projection were
as follows:
a.
b.
Montreal Harbor to the Gulf of St. Lawrence - year round;
Lake Ontario and the Montreal-to-Lake Ontario portion of the Seaway
- 8.5 months, April 1 to December 15; and
The Welland Canal, Lake Erie and the Upper Lakes - 9 months, April 1
to January 1.
D-lO
  
Further
discussion
of
the
physical
and
operational
characteristics
of
the
navigation
system
used
in
this
study
appear
in
Sub-section
2.5.3.
One
final,
but
important
aspect
of
navigation
for
which
a
major
assumption
was
necessary
was
the
capability
of
the
system
to
accommodate
future
growth.
For
the
period
of
projection
ending
in
2035,
it
is
the
capac-
ity
of
the
lock
systems
in
the
Welland
Canal
and
at
the
$00
that
are
the
potential
bottlenecks
in
the
system.
This
is
discussed
further
in
Sub-
section
2.5.3.
Under
the
assumption
of
no
major
reconstructions
or
modernizations,
the
assumption
regarding
these
facilities
is:
6.
The
Welland
Canal
will
reach
capacity
in
terms
of
lockages
per
day,
by
the
early
1990's
and
the
Soo
Locks
by
about
1995.
Because
of
the
continuous
intense
study
with
respect
to
improving
lockage
procedures
being
carried
out
by
the
operators
of
these
facilities,
this
assumption
was
relaxed
in
a
more
optimistic
"high
growth"
scenario
in
order
to
test
the
sensitivity
of
the
study
results
to
alternative
future
traffic
volumes.
The
results
of
the
sensitivity
analysis
are
discussed
in
Section 4 of this appendix.
2.4
Base
Year
and
Forecast
Years
The
economic
analyses
were
based
upon
July
1979
cost
levels,
and
the
United
States
and
Canadian
dollars
were
assumed
to
be
at
par.
The
base
year
for
computing
the
present
worth
of
benefits
or
losses
was
1985.
Forecasts
for
the
model
were
produced for
the
years
1985,
2000,
and
2035.
Therefore,
the
model
returns
economic
results
for
those
years.
For
the
purposes
of
producing
total
present
worth
and
average
annual
benefits
or
losses
for
each
regulation
plan
for
the
full
50-year
period
of
projection,
interpolation
between
forecast
years
was
done
using
a
curve
of
constant
rate
of change.
The
discount
rate
used
to
establish
present
worth
and
average
annual
benefit
or
loss
(or
average
annual
annuity)
was
8-1/2
percent.
2.5
The
Economic
Assessment
Model
2.5.1 General
The
assessment
model
is
contained
in
three
computer
programs.
The
first
program
computes
the
difference
in
monthly
mean
water
levels
between
the
basis-of—comparison
regime
and
any
alternative
regime,
by
lake,
for
each
month
of
each
year
in
a
77-year
study
period,
the
length
of
period
used
to
establish
the
basis-of—comparison
(1900-1976).
These
changes
in
water
level
are
then
used
to
compute
the
new
regime
of
water
depths
available
throughout
the
system,
based
on
shipping
datum.
The
second,
more
complex
programdetermines
for
each
month
the
allowable
draft
of
shipping
along
each
of
the
many
trade
routes
in
the
system,
based
on
the
available
water
depths
computed
in
the
first
program.
Among
the
factors
involved
in
this
computation
are
underkeel
clearance
allowances,
seasonal
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 load line regulations for the various classes of ships and the type of com-
modity carried, draft restrictions in canals and channels and the design
drafts of the ships. These allowable drafts are, in turn, converted into
shiploading capability, from which the number of trips required to move the
system's cargoes is calculated. These computations require detailed
knowledge of the many aspects of fleet composition, vessel characteristics
operating speeds, trade distribution by national fleet and ship size, and
several other operational characteristics of the system, all of which are
discussed later in this section.
The final steps in the second program compute the ships' operating time
required to move the cargoes, and thus, on the basis of vessel operating
costs for the various vessel sizes employed, the transportation cost under
the given regime of lake levels is computed. This computation is carried out
on a monthly basis by country, type of commodity, type of trade (domestic,
import or export), trade route, size (class) of vessel and type of harbor
(shallow-draft or deep-draft) for the full 77-year period of study. The 77
years of results are averaged for each month in a final table, along with the
total annual cost of transportation in the system.
The full sequence described above is repeated for each of the 3 years
evaluated (1985, 2000, and 2035); the value for each year is the average of
77 values computed with the given levels scenario in operation for the full
77-year period. For each year (1985, 2000, and 2035) the model contains a
complete set of forecasts for commodity tonnages, trade patterns, fleet
composition, vessel characteristics, system operational data and so on. The
results for the 3 years are compared with the costs under the basis-of-
comparison condition, and the differences are termed the "loss" or "benefit"
to navigation. A "loss" occurs if an alternative levels scenario causes the
transportation cost to rise, and a "benefit" is realized if the new scenario
lowers the cost.
The third computer program step simply converts to present worth (in
1985) the annual cost difference between basis-of-comparison and alternative
scenario, using an 8-1/2 percent discount rate. This is done by assuming a
curve of constant rate of change for intermediate years between the forecasts
for 1985, 2000, and 2035. An equivalent constant annual annuity for the full
50-year period of projection is also computed.
The three basic components of the main portion of the evaluation model
(second program) are discussed in the following sub-sections entitled
“Existing and Prospective Bulk Commerce," "Existing and Prospective Bulk
Fleets" and "Physical and Operational Characteristics of the Navigation
System." In many areas it was necessary to analyze and report upon United
States and Canadian operations separately because of their differences.
2.5.2 Existing and Prospective Bulk Commerce
The methodology is based on the four principal dry bulk commodities in
the system, namely iron ore, coal, limestone, and grain. These four com-
modities comprise about 85 percent of the system's commerce. Currently more
than 200 million tons of cargo move in these trades annually, in a complex
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Commerce in rock salt on the Great Lakes has increased somewhat in recent
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s.
Howe
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e
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affe
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by w
ater
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and
ther
efor
e no
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evaluation of this traffic has been made.
The 15 percent also includes overseas general cargo trades which employ
specialized lake-ocean carries. Although, overseas cargo is of high value,
traffic to and from the Great Lakes must transit the 27-foot St. Lawrence
Seaway. Since the Seaway restricts draft to 26 feet, this traffic cannot
take advantage of water depths greater than about 27.5 feet in the harbors
on the lakes (allowing 1.5 feet for underkeel clearance). Since lake levels
are such that harbor depths are rarely below this depth, overseas, general
cargo traffic would not be affected significantly by a small change in the
levels regime. In addition, many of these vessels call at several ports and
therefore often do not travel fully loaded. Thus they do not normally take
full advantage of water depths available. For these reasons, overseas
general cargo traffic was excluded from this analysis.
Detailed analyses were made of present and prospective Canadian trades
in the four bulk commodities. The historical data, policy guidance and
assi
stan
ce
need
ed t
o de
velo
p fo
reca
sts
for
the
Cana
dian
bulk
trad
es w
ere
obta
ined
from
a va
riet
y of
gove
rnme
nt a
nd o
ther
sour
ces,
incl
udin
g Tr
ansp
ort
Cana
da b
ranc
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Stat
isti
cs C
anad
a,
the
St.
Lawr
ence
Seaw
ay A
utho
rity
and
the
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onal
Harb
ours
Boar
d.
Base
year
comm
erce
tonn
ages
were
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d fr
om
det
ail
ed
his
tor
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hip
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rds
for
eac
h p
ort
-to
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rou
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in
the
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ic,
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ort
and
imp
ort
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.
The
"pr
ese
nt"
(197
6)
or
bas
e c
ond
iti
on
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 on a trade route was taken to be either the average of recent historical
trade volumes (for the years 1973 through 1976), or if a trend was known to
exist, the latest trade figure on that route.
Forecasting rationale was applied to each trade route to develop a set
of future trade patterns covering the 59-year period from 1976 through 2035.
The port-to-port forecasts were aggregated into lake-to-lake groupings to
coincide with the manner in which the hydrologic data is generated. The lake-
to-lake forecasts for the years 1985, 2000, and 2035 were used in the
assessment model.
The United States traffic projections were obtained from a transpor-
tation planning tool (The Great Lakes Route SplitTraffic Model) developed by
the Corps of Engineers for use in its navigation studies. The output is in
the form of tonnage forecasts. Improvement alternatives change the cost
basis to users and therefore tonnage levels. The three principal data inputs
to the model are: 1) forecasts of origin/destination cargo flow*; 2) a file
of transportation rates, and 3) a service profile from interviews of shippers.
The model operates on these data to predict Great Lakes traffic levels. The
lock capacity of the Great Lakes system to accommodate the predicted cargo
flow is then evaluated.
The traffic forecasts are built into the model and classified into 22
bulk commodity groups such as coal and iron ore and 15 general cargo groups
such as prime containers for food and machinery. The bulk cargo forecasts
were obtained from expert secondary sources such as the U.S. Bureau of Mines
and U.S. Department of Agriculture. The utility needs of western coal were
further refined by the 1975 interview program conducted by A.T. Kearney
(Great Lakes/St. Lawrence Seaway Traffic Forecast Study...Contract No.
DACW-23-75-C-0052).
Recent total bulk commerce tonnages (by commodity) on the Great Lakes
are summarized in Table 0-2. The 1973-to-1976 average trade volumes and
future trade volumes for each of the lake-to-lake routes in United States and
Canadian domestic, export, and import trades of iron ore, coal, limestone,
and grain are given in Tables 0-3 through D-6. These tables include only
those portions of the bulk trades which move across, into or out of the Great
Lakes-St. Lawrence River Systemby Canadian and United States registered
vessels. Bulk shipping by foreign vessels in the Canadian trades above
Montreal is insignificant in any event; the major movement being about
700,000 tons annually of grain shipped directly overseas by ocean vessels
from Thunder Bay. Similarly, there is some U.S. grain that is carried in
fore
ign
vess
els.
For
the
purp
ose
of t
his
anal
ysis
it i
s as
sume
d th
at a
ll
U.S. grain is shipped in either U.S. or Canadian vessels.
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105
,89
0:
98,
088
:
89,
562
:
97,
012
:
75,
096
:
99,
584
: 1
03,
101
Fro
m U
.S.
Can
adi
an
Gre
at
Lak
es
:
78,
052
:
90,
534
:
84,
473
:
76,
194
:
77,
050
:
53,
686
:
86,
012
:
88,
197
Fro
m E
ast
ern
Can
ada
12,
231
:
15,
356
:
13,
615
:
13,
368
:
19,
962
:
21,
410
:
13,
572
:
14,
904
0
.
o
.
o
.
u
.
Tot
al
43,
196
:
39,
586
:
34,
966
:
39,
179
:
37,
487
:
38,
984
:
37,
766
:
45,
833
Fro
m L
ake
Eri
e P
ort
s
38,
001
:
34,
101
:
29,
801
:
33,
175
:
31,
736
:
32,
032
:
31,
628
:
37,
044
Fro
m L
ake
Mic
hig
an
Por
ts
:
5,1
95:
5,35
4:
4,0
44:
3,9
43:
3,1
99:
3,03
5:
2,76
2:
2,3
92
Fro
m L
ake
Sup
eri
or
Por
ts
/:
-
-
131:
1,12
1:
2,06
1:
2,5
52:
3,91
7:
3,37
6:
6,3
97
.
s
.
u
.
.
o
.
o
.
Coal
Shi
pme
nts
u
.
.
-
.
.
s
o
-
o
20,0
07:
20,2
26:
19,2
13:
19,9
73:
18,8
12:
19,4
81.
22,4
98:
22,3
19
1,87
9:
1,46
1:
1,28
8:
1,56
7:
1,70
6:
1,52
0:
1,59
5:
1,46
6
18,1
28:
18,7
65:
17,9
25:
18,4
06:
17,1
06:
17,9
61:
'20,
903:
20,8
53
Grain
Shipme
nts
Tot
al
To U.S
. Port
s
To
Can
adi
an
Por
ts
D
-
1
5
.
o
u
o
a
.
Lim
est
one
Shi
pme
nts
. 3
7,3
46:
42,
888
:
43,
096
:
37,
681
:
38,
204
:
37,
220
:
39,
754
:
36,
976
Tot
al
.
.
o
o
'
'
'
IND
EXE
S 1
972
= i
oo
.
u
-
0
TOT
AL
ALL
COM
MOD
ITI
ES
100:
109:
102:
98:
100:
89:
105:
109
Iro
n O
re
:
100:
117:
109:
99:
107:
83:
110:
114
Coal
:
100:
92:
81:
91:
87:
90:
87:
106
Gra
in
:
100:
101:
96:
100:
94:
97:
112:
112
Lim
est
one
:
100:
115:
115:
101:
102:
100:
106:
99
g
u
.
o
o
o
o
.
1
Sour
ce:
Lake
Carr
iers
Asso
ciat
ion
Annu
al
Repo
rts
Note
:
Lake
Carr
ier
Asso
c.
iron
ore
stat
isti
cs i
n lo
ng t
ons
were
conv
erte
d to
shor
t to
ns.
Also
, th
e gr
ain
stat
isti
cs w
ere
conv
erte
d fr
om b
ushe
ls t
o sh
ort
tons
.
For
stat
isti
cal
conv
enie
nce
the
weig
ht f
ac—
tors
for
whea
t an
d so
ybea
ns w
ere
appl
ied
to t
he t
otal
.
Slig
htly
lowe
r to
nnag
e fi
gure
s wo
uld
have
resu
lted
if t
he l
esse
r we
ight
per
bush
el
of c
orn
and
barl
ey w
ere
aver
aged
into
the
tota
l.
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e
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3
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Gr
ea
t
La
ke
s
-
St
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wr
en
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Ri
ve
r
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ad
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.
Ty
pe
:
Fr
om
:
To
:
Av
er
ag
e
:
19
85
:
20
00
:
20
35
U.
S.
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0
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80
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M
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ta
i
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'
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0
0
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70
0
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00
0
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00
0
:
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0
H
E
-
:
-
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0
:
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0
:
EX
:
0
:
2,
80
0
:
3,
40
0
:
4,
90
0
:
8,
50
0
To
ta
l
:
:
:
5,
80
0
:
8,
40
0
:
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,3
00
:
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,3
00
U.
S.
Ex
po
rt
-
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S
S
90
0
:
1,
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0
:
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30
0
:
2,
20
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Ca
na
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an
Im
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'
E
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80
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90
0
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0
0
1,
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0
:
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00
0
:
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0
:
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0
:
M
:
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:
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0
:
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0
:
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0
:
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0
To
ta
]
:
:
:
2,
90
0
:
4,
20
0
:
4,
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0
:
4,
20
0
Ca
na
di
an
Ex
po
rt
—
:
S
M
1,
90
0
:
2,
30
0
:
2,
90
0
:
3,
00
0
U.
S.
Im
po
rt
'
E
20
0
:
20
0
:
30
0
:
50
0
H
H
70
0
:
1,
00
0
:
1,
00
0
:
1,
70
0
M
30
0
:
30
0
:
40
0
:
80
0
E
50
0
:
70
0
:
80
0
:
1,
10
0
0
E
40
0
:
-
z
-
:
-
EX
M
3,
20
0
:
3,
90
0
:
4,
40
0
:
4,
40
0
:
:
E
10
,1
00
:
12
,7
00
:
14
,5
00
:
14
,5
00
To
ta
i
:
:
2
17
,3
00
:
21
,1
00
:
24
,3
00
:
26
,0
00
No
te
:
Th
e
ro
ut
e
de
si
gn
at
or
s
us
ed
in
th
e
da
ta
ta
bl
es
ar
e
th
e
fi
rs
t
Te
tt
er
of
th
e
Ta
ke
or
wa
te
rw
ay
na
me
,
fo
r
ex
am
pT
e,
“S
”
fo
r
Su
pe
ri
or
,
"S
LS
"
fo
r
St
.
La
wr
en
ce
Se
aw
ay
an
d
so
on
.
Th
e
ca
te
go
ry
"E
X"
re
fe
rs
to
al
l
po
in
ts
beiow MontreaT.
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 Tab
le
D-4
- G
rea
t
Lak
es
- S
t.
Law
ren
ce
Riv
er
Coal Traffic Forecasts
   
Rou
te
:To
tal
Ann
ual
Tra
de
(10
00'
s
of
sho
rt
ton
s)
.
:
Pre
sen
t
'
:
Typ
e
: F
rom
:
To
:
Ave
rag
e
198
5
200
0
203
5
U.S
.
Dom
est
ic
:
S
S
300
400
:
1,0
00
:
H
7,6
00
8,1
00
:
7,3
00
M 1,400 1,700 : 2,600
E - 9,000 : 8,600
M
S
500
500
:
600
M 4,300 5,300 : 9,600
E 5 2,300 2,700 : 3,600
H 100 200 : 500
M 4,300 5,900 : 11,200
E 3 400 5,100 : 12,000
Tot
al
24,
200
38,
900
:
57,
000
Can
adi
an
Dom
est
ic
:
S
H
-
-
100
:
100
' E 100 3,500 4,800 : 4,400
0 200 300 300 : 300
EX E 290_ 200 200 : 200
Tot
al
500
4,0
00
5,4
00
:
5,0
00
U.S
.
Exp
ort
-
:
E
S
2,5
00
3,4
00
4,4
00
:
6,5
00
Can
adi
an
Imp
ort
H
4 6
00
5 1
00
6,3
00
:
8,5
00
E 3,800 7,000 7,000 : 9,000
0 : 8,000 9 800 8 600 5,400
SLS : 200 300 200 100
Tot
al
'
19,
100
25,
600
26,
500
29,
500
Canadian Export - Nil
U.S. Import
Note:
The
rou
te
des
ign
ato
rs
use
d i
n t
he
dat
a t
abl
es
are
the
fir
st
let
ter
of
the
lak
e o
r w
ate
rwa
y n
ame
, f
or
exa
mpl
e,
"S"
for
Sup
eri
or,
"SL
S"
for
St. Lawrence Seaway and
below Montreal.
$0 on.
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The category "EX" refers to all points
 Ta
bl
e
0-
5
-
Gr
ea
t
La
ke
s
- S
t.
La
wr
en
ce
Ri
ve
r
Limestone Traffic Forecasts
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ot
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nu
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00
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s
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t
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.
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en
t
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Ty
pe
:
Fr
om
:
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:
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er
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e
:
19
85
:
20
00
:
20
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S.
Do
me
st
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S
H
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0
:
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0
:
1,
10
0
-
M
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:
1,1
00
:
1,4
00
E
600
2
700
:
800
H
S
700
:
700
:
800
H
6,6
00
:
8,4
00
:
13,
900
M
8,4
00
:
10,
400
:
16,
500
E 6,900 : 8,000 : 11,700
M
H
80
0
:
1,
00
0
:
1,
60
0
M
3,4
00
:
4,2
00
:
6,7
00
E
1,0
00
:
1,2
00
:
1,7
00
:
E
:
H
:
:
700
:
1,
00
0
:
1,
60
0
:
:
E
:
:
1
60
0
:
1
90
0
:
2
90
0
Tot
al
:
:
:
:
32
,4
00
:
39
,4
00
:
60
,7
00
Ca
na
di
an
Do
me
st
ic
:
SL
S
:
0
2,
40
0
:
2,
90
0
:
3,
50
0
:
3,
50
0
U.S
.
Ex
po
rt
-
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H
S
60
0
:
1,
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0
:
1,
30
0
:
1,
60
0
Ca
na
di
an
Im
po
rt
'
H
60
0
:
1
10
0
:
1,
40
0
:
2,
00
0
E
:
40
0
:
500
:
600
:
800
SL
S
:
20
0
:
30
0
:
30
0
:
20
0
:
E
:
H
:
100
:
100
:
20
0
:
20
0
To
ta
l
:
:
:
1,
90
0
:
3,
10
0
:
3,
80
0
:
4,
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0
Ca
na
di
an
Ex
po
rt
-
z
E
:
E
:
1,
20
0
:
1,
30
0
:
1,
70
0
:
2,
50
0
U.
S.
Im
po
rt
:
'
:
:
:
:
No
te
:
Th
e
ro
ut
e
de
si
gn
at
or
s
us
ed
in
th
e
da
ta
ta
bl
es
ar
e
th
e
fi
rs
t
le
tt
er
of
th
e
la
ke
or
wa
te
rw
ay
na
me
,
fo
r
ex
am
pl
e,
"S
"
fo
r
Su
pe
ri
or
,
“S
LS
”
fo
r
\
St
.
La
wr
en
ce
Se
aw
ay
an
d
so
on
.
Th
e
ca
te
go
ry
"E
X"
re
fe
rs
to
al
l
po
in
ts
below Montreal.
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e
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a
k
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a
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e
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c
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R
i
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n
Tr
af
fi
c
Fo
re
ca
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s
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S
:
20
0
:
20
0
:
20
0
:
20
0
EX
:
20
0
:
30
0
:
30
0
;
30
0
E
H
:
-
:
-
:
-
:
10
0
SL
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e
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rw
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,
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r
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am
pl
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"
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r
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,
"S
LS
"
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r
St
.
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Se
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an
d
so
on
.
Th
e
ca
te
go
ry
"E
X"
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fe
rs
to
al
l
po
in
ts
below Montreal.
 
0-19
 For the purpose of this study, domestic trade refers to trade between
two ports in the same country, at least one of which is in the Great
Lakes-St. Lawrence River system. Export trade refers to shipments to any
foreign destination which originate at a port in the system, and import trade
refers to all shipments whiCh land at a port in the system from any foreign
origin. For example, United States grains shipped to Canadian elevators on
the St. Lawrence River for transshipment overseas are included as Canadian
imports.
Descriptions of the forecasts for each of the four commodities are given
in the following paragraphs.
United States Commerce - Iron Ore: Iron ore represents the major com-
modity moved on the Great Lakes. In the 1970's about 85 million tons of ore
moved annually to U.S. steel mills bordering the lakes. Nearly 70 million
tons moved in domestic trade from traditional Lake Superior sources to
various demand regions on Lakes Michigan, Huron, and Erie. Imports from
Canada represent the bulk of the iron ore foreign trade on the Great Lakes,
totaling the remaining 15 million tons.
Several major steel companies have developed large fleets of ore
carriers on the lakes in order to take advantage of the overwhelming cost
savings that exist. As such, over 97 percent of Superior District (i.e.,
Minnesota, Wisconsin and Michigan) iron ores destined for Great Lakes steel
facilities move on the lakes.
Two important trends in the steel industry key to any forecast of iron
ore
prod
ucti
on a
nd m
ovem
ents
in t
he U
nite
d St
ates
are:
1) b
enef
icia
tion
and
pelletization, and 2) furnace type.
As the high grade (i.e., high iron content) iron ores of the United
Stat
es a
re d
eple
ted,
lowe
r gr
ade
reso
urce
s (t
acon
ite)
must
be u
tili
zed
in
order to meet demand. However, it is wasteful to transport unneeded
mate
rial
s al
ong
with
the
iron
ore.
Thus
, by
vari
ous
sepa
rati
on p
roce
sses
,
U.S. iron ore producers are shipping higher grade ore from the mines than the
norm
al‘"
run-
of-m
ine"
grad
e.
This
proc
ess
is c
alle
d be
nefi
ciat
ion.
The
sepa
rate
d or
e is
then
pell
etiz
ed f
or e
ase
of s
hipm
ent.
This
proc
ess
has
mani
fest
ed
itse
lf a
s a
grad
ual
shif
t to
move
ment
of h
ighe
r ir
on c
onte
nt o
res.
More
than
95 p
erce
nt o
f al
l or
es a
re b
enef
icia
ted
and
over
2/3
of a
ll o
re
produced is pelletized.
It
app
ear
s t
hat
by
the
lat
e 1
980
's
the
ope
n h
ear
th
fur
nac
es
will
be
phas
ed o
ut
and t
otal
ly r
epla
ced
by t
he m
ore
effi
cien
t Ba
sic
Oxyg
en F
urna
ce
(ab
out
75
per
cen
t o
f p
rod
uct
ion
) a
nd
the
ele
ctr
ic
fur
nac
e (
25
per
cen
t).
U.S.
and
wor
ld
res
erv
es
of
iro
n o
re
are
suf
fic
ien
t t
o m
ain
tai
n p
res
ent
and
incr
ease
d le
vels
of p
rodu
ctio
n th
roug
hout
the
fore
cast
peri
od o
f th
is
stud
y.
Econ
omic
al
bene
fici
atio
n an
d pe
llet
izat
ion
has
allo
wed
the
deve
lop-
ment of large taconite (lower grade ore) reserves. This will ensure con-
tinu
ed l
ake
move
ment
s of
iron
ore,
as m
any
stee
l f
irms
have
rece
ntly
inve
sted
in l
arge
pell
etiz
atio
n fa
cili
ties
, (
part
icul
arly
in n
orth
ern
Minn
esot
a)
and
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se
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s
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or
t
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Ab
ou
t
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en
t
of
th
e
to
ta
l
U.
S.
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od
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ti
on
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pr
od
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ed
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th
e
La
ke
Su
pe
ri
or
Di
st
ri
ct
(6
5
pe
r-
ce
nt
'o
f‘
th
e
to
ta
l
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pr
od
uc
ed
in
th
ei
Mé
sa
bi
Ra
ng
e
al
on
e)
.“
‘~
‘g
f
v
“
‘
,O
Ve
r'
98
pe
rc
en
t
of
ir
on
Or
e
us
ed
in
th
e
Un
it
ed
St
at
es
wa
s
Us
ed
in
bl
as
t
fu
rn
ac
es
fo
r
th
e
pr
od
uC
ti
on
of
ir
on
an
d
st
ee
l.
Th
e
sm
al
l
re
ma
in
in
g
po
rt
io
n
wa
SV
US
ed
‘i
n
th
e
ma
nu
fa
ct
Ur
e'
of
mi
sc
el
la
ne
ou
s
pr
od
uc
ts
(p
ri
ma
ri
ly
ce
me
nt
).
Tr
ad
it
io
na
lf
y;
gr
ow
th
in
th
e
st
ee
l
in
du
st
ry
is
no
t
en
ti
re
ly
re
fl
ec
te
d
in
th
e
gr
ow
th
of
'i
rd
h
or
e
mo
ve
me
nt
s.
In
cr
ea
Se
d
co
nc
en
tr
at
io
ns
of
ir
on
in
th
e
or
e
sh
ip
pe
d
du
e
to
be
ne
fi
ci
at
io
n
an
d
pe
ll
et
iz
at
io
n,
al
on
g
wi
th
gr
ow
in
g
us
ag
e
of
‘
el
ec
tr
ic
fu
rn
ac
es
wh
ic
h
re
qu
ir
e
a
10
0
pe
rc
en
t
sc
ra
p
ch
ar
ge
,
ha
ve
ca
us
ed
th
e
gr
ow
th
in
ir
on
or
e
Sh
ip
me
nt
s
to
la
g
be
hi
nd
th
e
gr
ow
th
ra
te
Of
St
ee
l
ma
nu
fa
ct
ur
in
g.
Th
is
ha
s
be
en
pa
rt
ic
ul
ar
ly
tr
ue
as
hi
gh
er
gr
ad
e
re
se
rV
es
ar
e
be
in
g
de
pl
et
ed
an
d
th
e
pr
oc
es
s
of
ta
co
ni
te
be
ne
fi
ci
at
io
n
ha
s
em
er
ge
d.
Do
me
st
ic
tr
af
fi
c
is
eX
pe
ct
ed
to
on
ly
in
cr
ea
se
at
a
ra
te
‘o
f
0.
8
pe
rc
en
t.
Tr
af
fi
c
of
La
ke
Su
pe
ri
or
or
ig
in
,
wh
ic
h
us
es
th
e
lo
ck
s
at
Sa
ul
t
St
.
Ma
ri
e,
wi
ll
pe
ak
ab
ou
t
th
e
ye
ar
20
00
.
Th
e
La
ke
Mi
ch
ig
an
tr
af
fi
c
fr
Om
th
e
po
rt
of
Es
ca
na
ba
is
un
co
ns
tr
ai
ne
d
by
lo
ck
s
an
d
fb
ll
ow
s
th
e
no
rm
al
gr
ow
th
in
ec
on
om
ic
po
te
nt
ia
l.
U.
S.
im
po
rt
s
of
ir
on
or
e
fr
om
Ca
na
da
ar
e
ex
pe
ct
ed
to
on
ly
in
cr
ea
se
at
a
ra
te
of
0.
7
pe
rc
en
t.
Th
is
tr
af
fi
c
is
re
st
ri
ct
ed
fr
om
fu
rt
he
r
gr
ow
th
by
th
e
ca
pa
ci
ty
co
nd
it
io
ns
at
th
e
We
ll
an
d
Ca
na
l.
Ca
na
di
an
im
po
rt
s
of
U.
S.
or
e
fr
om
La
ke
Su
pe
ri
or
ar
e
ex
pe
ct
ed
to
in
cr
ea
se
at
th
e
to
ta
l
ra
te
of
ir
on
or
e
gr
ow
th
be
ca
us
e
of
no
lo
ck
ca
pa
ci
ty
co
ns
tr
ai
nt
s.
Al
mo
st
al
l
of
th
e
Ca
na
di
an
do
me
st
ic
ir
on
or
e
mo
ve
me
nt
s
do
no
t
re
qu
ir
e
pa
ss
ag
e
th
ro
ug
h
a
lo
ck
sy
st
em
.
Th
er
ef
or
e,
th
e
ra
te
of
gr
ow
th
of
1.
63
pe
rc
en
t
pa
ra
ll
el
s
th
e
gr
ow
th
in steel production.
Un
it
ed
St
at
es
Co
mm
er
ce
-
Co
al
:
Co
al
re
se
rv
es
in
th
e
Un
it
ed
St
at
es
ar
e
va
st
.
Du
ri
ng
th
e
fo
re
ca
st
pe
ri
od
un
de
r
co
ns
id
er
at
io
n
in
th
is
st
ud
y,
th
er
e
wi
ll
no
t
be
an
y
sh
or
ta
ge
s
of
co
al
du
e
to
re
se
rv
e
de
pl
et
io
n
on
ei
th
er
a
na
ti
on
al
or
re
gi
on
al
ba
si
s.
Sp
ot
sh
or
ta
ge
s
ma
y
oc
cu
r
in
th
e
sh
or
t
ru
n
du
e
to
li
mi
te
d
pr
od
uc
ti
on
ca
pa
ci
ty
.
Ap
pr
ox
im
at
el
y
25
mi
ll
io
n
to
ns
,
or
60
pe
rc
en
t
of
to
ta
l
mo
ve
me
nt
s
in
th
e
19
70
's
we
re
do
me
st
ic
mo
ve
me
nt
s
of
co
al
,
ge
ne
ra
ll
y
of
th
er
ma
l
qu
al
it
y,
mo
vi
ng
an
nu
al
ly
to
el
ec
tr
ic
ut
il
it
ie
s
in
th
e
U.
S.
Th
e
re
ma
in
in
g
18
mi
ll
io
n
to
ns
we
re
ex
po
rt
ed
fr
om
La
ke
Er
ie
po
rt
s
to
Ca
na
di
an
us
er
s.
Ap
pr
ox
im
at
el
y
ha
lf
of
th
is
ex
po
rt
ed
co
al
is
of
th
er
ma
l
qu
al
it
y
mo
vi
ng
to
On
ta
ri
o
Hy
dr
o
el
ec
tr
ic
ge
ne
ra
ti
ng
pl
an
ts
lo
ca
te
d
al
on
g
th
e
La
ke
.
Th
e
ot
he
r
ha
lf
of
th
is
ex
po
rt
ed
co
al
is
of
me
ta
ll
ur
gi
ca
l
gr
ad
e
mo
vi
ng
to
Ca
na
da
's
"B
ig
Th
re
e"
st
ee
lm
ak
er
s,
for coking purposes.
Th
e
tr
ad
it
io
na
l
pa
tt
er
n
of
co
al
mo
ve
me
nt
s
ha
s
be
en
ou
t
of
La
ke
Er
ie
po
rt
s
to
Ca
na
di
an
an
d
we
st
er
n
U.
S.
la
ke
de
st
in
at
io
ns
.
Ne
ar
ly
85
pe
rc
en
t
of
al
l
Gr
ea
t
La
ke
s
mo
ve
me
nt
s
of
co
al
ha
ve
tr
ad
it
io
na
ll
y
mo
ve
d
ou
t
of
th
e
La
ke
Er
ie
po
rt
s
of
As
ht
ab
ul
a,
Co
nn
ea
ut
,
Lo
ra
in
,
Sa
nd
us
ky
,
To
le
do
,
an
d
ot
he
rs
.
Fo
r
mo
ve
me
nt
s
to
La
ke
Su
pe
ri
or
po
rt
s,
a
re
tu
rn
ha
ul
of
ir
on
or
e
ma
ke
s
th
is
ro
ut
e
pr
of
it
ab
le
to
th
e
sh
ip
ow
ne
r.
Mo
ve
me
nt
s
to
Ca
na
da
(p
ri
nc
ip
al
ly
La
ke
On
ta
ri
o)
ar
e
re
la
ti
ve
ly
sh
or
t
ha
ul
an
d
ca
n
al
mo
st
be
co
ns
id
er
ed
a
"s
hu
tt
le
"
se
rv
ic
e.
Co
al
al
so
mo
ve
s
th
ro
ug
h
Ch
ic
ag
o
to
ot
he
r
La
ke
Mi
ch
ig
an
an
d
La
ke
Su
pe
ri
or
po
rt
s
to
sa
ti
sf
y
ut
il
it
y
de
ma
nd
s.
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 T
h
e
s
e
p
a
t
t
e
r
n
s
o
f
c
o
a
l
m
o
v
e
m
e
n
t
o
n
t
h
e
L
a
k
e
s
h
a
v
e
d
e
v
e
l
o
p
e
d
d
u
e
t
o
t
h
e
l
o
c
a
t
i
o
n
o
f
u
t
i
l
i
t
i
e
s
a
n
d
s
t
e
e
l
p
l
a
n
t
s
o
n
t
h
e
L
a
k
e
s
.
M
a
n
y
o
f
t
h
e
s
e
f
a
c
i
l
i
-
t
i
e
s
d
o
n
o
t
h
a
v
e
r
a
i
l
h
a
n
d
l
i
n
g
t
e
r
m
i
n
a
l
s
c
a
p
a
b
l
e
o
f
t
h
e
v
o
l
u
m
e
t
h
a
t
i
s
m
o
v
e
d
b
y
w
a
t
e
r
,
a
n
d
,
t
h
e
r
e
f
o
r
e
a
r
e
r
e
s
t
r
i
c
t
e
d
i
n
l
a
r
g
e
p
a
r
t
t
o
w
a
t
e
r
r
e
c
e
i
p
t
o
f
c
o
a
l
u
n
l
e
s
s
m
a
j
o
r
r
a
i
l
i
n
v
e
s
t
m
e
n
t
s
a
r
e
m
a
d
e
.
H
o
w
e
v
e
r
,
f
u
t
u
r
e
g
r
o
w
t
h
o
f
c
o
a
l
m
o
v
e
m
e
n
t
s
o
n
t
h
e
G
r
e
a
t
L
a
k
e
s
w
i
l
l
c
o
m
e
f
r
o
m
m
o
v
e
m
e
n
t
s
o
f
W
e
s
t
e
r
n
c
o
a
l
t
o
u
t
i
l
i
t
i
e
s
l
o
c
a
t
e
d
o
n
L
a
k
e
H
u
r
o
n
a
n
d
L
a
k
e
E
r
i
e
.
T
h
e
s
e
c
o
a
l
m
o
v
e
m
e
n
t
s
w
i
l
l
b
e
i
n
a
d
d
i
t
i
o
n
t
o
E
a
s
t
e
r
n
c
o
a
l
m
o
v
e
m
e
n
t
s
.
I
n
1
9
7
4
,
i
t
w
a
s
e
s
t
i
m
a
t
e
d
t
h
a
t
4
5
p
e
r
c
e
n
t
o
f
t
h
e
t
o
t
a
l
p
o
w
e
r
g
e
n
e
r
a
t
e
d
b
y
e
l
e
c
t
r
i
c
u
t
i
l
i
t
i
e
s
w
a
s
g
e
n
e
r
a
t
e
d
b
y
c
o
a
l
.
T
h
i
s
f
a
c
t
is
m
i
r
r
o
r
e
d
b
y
t
h
e
f
a
c
t
t
h
a
t
a
b
o
u
t
t
w
o
-
t
h
i
r
d
s
o
f
a
l
l
c
o
a
l
p
r
o
d
u
c
t
i
o
n
w
a
s
u
s
e
d
b
y
e
l
e
c
t
r
i
c
u
t
i
l
i
t
i
e
s
.
F
i
f
t
e
e
n
p
e
r
c
e
n
t
w
a
s
u
s
e
d
f
o
r
c
o
k
i
n
,
8
p
e
r
c
e
n
t
f
o
r
e
x
p
o
r
t
a
n
d
t
h
e
r
e
m
a
i
n
d
e
r
f
o
r
o
t
h
e
r
i
n
d
u
s
t
r
i
a
l
a
n
d
r
e
t
a
i
l
u
s
e
r
s
(
p
r
i
m
a
r
i
l
y
c
e
m
e
n
t
p
l
a
n
t
s
a
n
d
paper mills).
0
n
t
h
e
G
r
e
a
t
L
a
k
e
s
,
t
h
e
s
e
m
a
r
k
e
t
s
a
r
e
r
e
p
r
e
s
e
n
t
e
d
b
y
t
h
e
e
l
e
c
t
r
i
c
g
e
n
e
r
a
t
i
n
g
s
t
a
t
i
o
n
s
o
f
D
e
t
r
o
i
t
E
d
i
s
o
n
,
C
o
n
s
u
m
e
r
s
P
o
w
e
r
,
W
i
s
c
o
n
s
i
n
E
l
e
c
t
r
i
c
a
n
d
t
h
e
U
p
p
e
r
P
e
n
i
n
s
u
l
a
G
e
n
e
r
a
t
i
n
g
C
o
m
p
a
n
y
,
b
y
t
h
e
c
o
k
i
n
g
f
a
c
i
l
i
t
i
e
s
o
f
t
h
e
C
a
n
a
d
i
a
n
S
t
e
e
l
m
a
k
e
r
s
S
T
E
L
C
O
,
D
O
F
A
S
C
O
,
a
n
d
A
l
g
o
m
a
S
t
e
e
l
,
a
n
d
b
y
t
h
e
p
a
p
e
r
m
i
l
l
o
f
F
o
r
t
H
o
w
a
r
d
P
a
p
e
r
n
e
a
r
G
r
e
e
n
B
a
y
,
W
i
s
c
o
n
s
i
n
.
T
h
e
s
u
p
p
l
y
o
f
c
o
a
l
t
r
a
d
i
t
i
o
n
a
l
l
y
m
o
v
i
n
g
o
n
t
h
e
G
r
e
a
t
L
a
k
e
s
c
o
m
e
s
f
r
o
m
K
e
n
t
u
c
k
y
,
W
e
s
t
V
i
r
g
i
n
i
a
,
S
o
u
t
h
e
r
n
O
h
i
o
,
W
e
s
t
e
r
n
P
e
n
n
s
y
l
v
a
n
i
a
a
n
d
t
o
s
o
m
e
e
x
t
e
n
t
f
r
o
m
S
o
u
t
h
e
r
n
I
l
l
i
n
o
i
s
.
T
h
e
s
e
c
o
a
l
s
o
u
r
c
e
s
t
y
p
i
c
a
l
l
y
h
a
v
e
h
i
g
h
e
r
s
u
l
f
u
r
c
o
n
t
e
n
t
,
b
u
t
a
l
s
o
h
a
v
e
a
h
i
g
h
B
T
U
c
o
n
t
e
n
t
.
T
h
i
s
B
T
U
/
s
u
l
f
u
r
r
e
l
a
-
t
i
o
n
s
h
i
p
is
t
h
e
s
i
n
g
l
e
m
o
s
t
i
m
p
o
r
t
a
n
t
f
a
c
t
o
r
t
h
a
t
w
i
l
l
a
f
f
e
c
t
c
o
a
l
m
o
v
e
m
e
n
t
s
o
n
t
h
e
G
r
e
a
t
L
a
k
e
s
.
In
t
h
i
s
s
t
u
d
y
,
c
o
a
l
p
r
o
j
e
c
t
i
o
n
s
w
e
r
e
b
a
s
e
d
on
a
s
s
u
m
p
t
i
o
n
s
w
h
i
c
h
r
e
l
i
e
d
u
p
o
n
c
u
r
r
e
n
t
c
o
n
d
i
t
i
o
n
s
a
n
d
p
l
a
n
s
.
W
e
s
t
e
r
n
c
o
a
l
m
o
v
e
m
e
n
t
s
w
e
r
e
n
o
t
i
n
c
l
u
d
e
d
in
t
h
e
f
o
r
e
c
a
s
t
b
a
s
e
u
n
l
e
s
s
s
o
m
e
r
e
a
s
o
n
a
b
l
e
a
s
s
u
r
a
n
c
e
c
o
u
l
d
b
e
m
a
d
e
as
t
o
its
u
l
t
i
m
a
t
e
u
s
a
g
e
.
S
p
e
c
i
f
i
c
a
l
l
y
,
it
w
a
s
a
s
s
u
m
e
d
t
h
a
t
:
1.
Few,
if
any,
e
x
i
s
t
i
n
g
f
a
c
i
l
i
t
i
e
s
w
o
u
l
d
be
c
o
n
v
e
r
t
e
d
to
W
e
s
t
e
r
n
coal
d
u
e
t
o
h
i
g
h
c
o
n
v
e
r
s
i
o
n
c
o
s
t
s
;
2.
O
n
l
y
n
e
w
f
a
c
i
l
i
t
i
e
s
t
h
a
t
h
a
v
e
a
n
n
o
u
n
c
e
d
p
l
a
n
s
for
use
o
f
W
e
s
t
e
r
n
c
o
a
l
w
o
u
l
d
b
e
i
n
c
l
u
d
e
d
in
t
h
e
f
o
r
e
c
a
s
t
;
3.
Stack
gas
scrubbers
would
be
e
c
o
n
o
m
i
c
a
l
l
y
efficient
and
available
by
1990;
4.
Current
e
m
i
s
s
i
o
n
standards
will
remain
unchanged
throughout
the
f
o
r
e
c
a
s
t
p
e
r
i
o
d
;
5.
Variances
to
burn
high
sulfur
coal
will
be
extended
until
stack
gas
s
c
r
u
b
b
i
n
g
t
e
c
h
n
o
l
o
g
y
b
e
c
o
m
e
s
a
v
a
i
l
a
b
l
e
;
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 6.
Ca
na
da
wi
ll
ad
op
t
an
is
si
on
st
an
da
rd
s
th
at
wi
ll
no
t
pr
ec
lu
de
us
ag
e
of
U.
S.
Ea
st
er
n
co
al
s;
an
d,
‘
7.
Co
nt
in
ue
d
de
la
ys
wi
ll
re
ta
rd
th
e
de
ve
lo
pm
en
t
of
nu
cl
ea
r
po
we
r
g
e
n
e
r
a
t
i
o
n
fa
ci
li
ti
es
.
Pr
oj
ec
ti
on
s
we
re
th
en
ma
de
by
co
nt
ac
ti
ng
th
e
in
di
vi
du
al
ut
il
it
ie
s
mo
vi
ng
th
e
co
al
or
pl
an
ni
ng
th
e
mo
ve
.
Th
is
ap
pr
oa
ch
wa
s
ta
ke
n
si
nc
e
th
es
e
mo
ve
me
nt
vo
lu
me
s
wi
ll
sh
ow
la
rg
e
ju
mp
s
as
ne
w
fa
ci
li
ti
es
co
me
on
st
re
am
.
Ti
mi
ng
,
th
er
ef
or
e,
is
of
gr
ea
te
st
im
po
rt
an
ce
in
th
e
fo
re
ca
st
of
We
st
er
n
co
al
mo
ve
me
nt
s.
Th
is
ap
pr
oa
ch
wa
s
fe
as
ib
le
si
nc
e
re
la
ti
ve
ly
fe
w
us
er
s
re
pr
es
en
t
th
e
ma
jo
ri
ty
of
co
al
de
ma
nd
ed
in
th
e
Gr
ea
t
La
ke
s.
Tr
ad
it
io
na
l
mo
ve
me
nt
s
of
Ea
st
er
n
co
al
to
la
ke
si
de
ut
il
it
ie
s
(p
ar
ti
cu
la
rl
y
on
th
e
so
ut
he
rn
sh
or
es
of
La
ke
Su
pe
ri
or
an
d
on
La
ke
Mi
ch
ig
an
)
ar
e
pr
oj
ec
te
d
to
co
nt
in
ue
wi
th
mo
de
ra
te
gr
ow
th
.
In
di
vi
du
al
gr
ow
th
ra
te
s
ar
e
ba
se
d
on
th
e
gr
ow
th
ra
te
s
of
ut
il
it
ie
s
ea
rn
in
gs
in
th
e
de
st
in
at
io
n
re
gi
on
de
ve
lo
pe
d
by
th
e
Bu
re
au
of
Ec
on
om
ic
An
al
ys
is
in
th
ei
r
OB
ER
S
(O
ff
ic
e
of
Bu
si
ne
ss
Ec
on
om
ic
s
-
Ec
on
om
ic
Re
se
ar
ch
Se
rv
ic
e)
pr
oj
ec
ti
on
s.
Pr
oj
ec
ti
on
s
of
co
al
mo
ve
me
nt
s
to
Ca
na
da
we
re
ta
ke
n
di
re
ct
ly
fr
om
co
mp
an
y
co
nt
ac
ts
wi
th
On
ta
ri
o
Hy
dr
o,
DO
FA
SC
O,
ST
EL
CO
,
an
d
Al
go
ma
St
ee
l.
Wh
er
e
po
ss
ib
le
,
al
l
pr
oj
ec
ti
on
s
we
re
ch
ec
ke
d
re
la
ti
ve
to
pu
bl
is
he
d
fo
re
-
ca
st
s
an
d
c
o
n
s
i
s
t
e
n
c
y
wa
s
at
ta
in
ed
.
Ac
tu
al
co
al
tr
af
fi
c
on
th
e
Gr
ea
t
La
ke
s
is
ex
pe
ct
ed
to
in
cr
ea
se
fr
om
25
mi
ll
io
n
to
ns
in
19
85
to
81
mi
ll
io
n
to
ns
in
20
35
fo
r
an
av
er
ag
e
an
nu
al
ra
te
of
ch
an
ge
of
1.
89
pe
rc
en
t.
In
pa
rt
ic
ul
ar
,
tr
af
fi
c
wi
th
a
La
ke
Su
pe
ri
or
or
ig
in
is
ex
pe
ct
ed
to
sh
ow
dr
am
at
ic
gr
ow
th
.
Tr
af
fi
c
le
ve
ls
do
no
t
in
cr
ea
se
af
te
r
th
e
ye
ar
20
00
be
ca
us
e
of
lo
ck
ca
pa
ci
ty
co
ns
tr
ai
nt
s
at
Sa
ul
t
St
e.
Ma
ri
e.
Ov
er
al
l,
U.
S.
co
al
ex
po
rt
s
to
Ca
na
da
ar
e
ex
pe
ct
ed
to
in
cr
ea
se
fr
om
19
mi
ll
io
n
to
ns
to
35
mi
ll
io
n
to
ns
fo
r
an
av
er
ag
e
an
nu
al
ra
te
of
in
cr
ea
se
of
1.
0
pe
r—
ce
nt
.
Ex
po
rt
s
us
in
g
th
e
We
ll
an
d
Ca
na
l
to
ge
t
to
La
ke
On
ta
ri
o
ha
ve
no
in
cr
ea
se
in
tr
af
fi
c
le
ve
ls
af
te
r
th
e
ye
ar
19
90
be
ca
us
e
of
ca
pa
ci
ty
co
n-
di
ti
on
s.
Th
e
Er
ie
to
Su
pe
ri
or
tr
af
fi
c
is
un
co
ns
tr
ai
ne
d
be
ca
us
e
of
ut
il
iz
a-
ti
on
of
sh
ip
s
th
at
ca
n
fi
t
th
ro
ug
h
th
e
sm
al
le
r
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Limestone reserves in the Great Lakes area occur near the western end of
Lake Erie in Ohio and Michigan, and along the south shore of the upper penin-
sula of Michigan. The State of Michigan has traditionally been the major
source of limestone in the Great Lakes limestone shipments. Virtually all of
the GL/SLS limestone traffic is captive traffic to the steel industry. As
the steel companies are vertically integrated and largely self-sufficient in
iron ore and coal, so are they in limestone.
The major limestone shipping ports are the ports of Stoneport, Rockport,
Drummond Island, Calcite Harbor, and Port Dolomite on Lake Huron, Port Inland
on Lake Michigan; and Cobourg and Port Colborne on Lake Ontario. The major
destinations are the steelmaking facilities on the Lakes in the Chicago-Gary
area, Detroit, and Cleveland and other Lake Erie ports.
Since limestone is found at or near the earth's surface in about 10 per-
cent of the continental area and because limestone is such a low-valued
commodity, the minimization of transportation cost becomes of utmost impor—
tance in determining supply sources. Consequently, virtually all of the
limestone that is moved on the Great Lakes is both produced and consumed at
lakeside.
U.S. domestic limestone traffic is expected to increase from 29 million
tons in the base year to 61 million tons in 2035 for an average annual rate
of change of 1.16 percent. Lock capacity constraints are not coming into
play because limestone is assumed to be carried on ships small enough to fit
through locks other than the Poe Lock at Sault Ste. Marie. The rate of
growth to Lake Michigan steel centres is about 1.5 percent while rate of
growth to Lake Erie steel centres is less than 1.0 percent. Limestone traf-
fic with Canada as an origin and/or destination is expected to about double
in the projected period from 6.6 million tons in the base period to 12
million tons in year 2035.
United States Commerce — Grain : Agricultural products (grain ) repre-
sent the fourth largest commodity movement on the lakes. Most movements of
grain on the Great Lakes are export for either overseas destinations or
Canadian destinations as transshipment points for ultimate overseas
destinations. As a result, the projections made in this section are highly
dependent upon projected levels of U.S. agricultural exports.
The importance of grain movements is unquestioned. The potential
geographic market area from Great Lakes transport services includes most of
the prime U.S. field crop growing acreage. However, at this time, most
exported grain (approximately 65 percent) moves through Gulf ports and not
through Great Lakes ports.
The traditional movement of grain on the lakes is out of Western lake
ports to overseas destinations, particularly Northern and Mediterranean
Europe, and to milling centres in the East located on the lakes, particularly
Buffalo, NY (wheat for milling).
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 The historical performance of the United States in terms of world-wide
production and exports of grain is discussed in the following paragraphs.
a. Corn. The United States produces about half of the world's corn and
supplies 90 percent of the world's corn exports. Most (approximately 85
percent) of the U.S. corn production is used for livestock feed;
consequently, much of it never leaves the farm on which it was grown. The
corn not used for domestic feed purposes is used for export, human
consumption, industrial uses, and for seed. The principal industrial uses
are wet millers producing starches, sugars, syrup, corn oil, and gluten feed.
Dry millers make cereals and similar products.
U.S. exports of corn have risen significantly in the past 25 years. In
recent years, there has been a sharp increase in the share of production
exported, from 4 percent in 1950 to 24 percent in 1974.
The major importers of corn from the United States are Mediterranean
Europe, Northern Europe, Communist Europe, Japan, and Canada. Total poten-
tial Great Lakes movements of corn are expected to grow at an average annual
rate of 3.3 percent throughout the forecast period. This relatively high
growth rate reflects continued dependence on the U.S. by overseas nations for
food supplies.
b. Wheat. Wheat is a food grain as contrasted to the other grains
which are often grouped into the category of feed grains. Because wheat is a
food grain, it differs from the grain crops in that very little (usually far
less than 10 percent) of the wheat crop is exported. The United States pro—
duces about one-eighth of the world's wheat crop.
The United States, Canada, Australia, and Argentina are currently the
major wheat exporters. Currently, the major destinations of U.S. wheat
exports are East Asia, Communist Europe, Japan, South Asia, eastern America,
and Northern Europe. Total potential movements of wheat are only expected to
double over the study period.
c. Soybeans. Except for a very small portion of the crop used as seed,
practically all U.S. soybeans are exported or processed into oil or meal.
Very little is used as feed. Increases in the nutritional value of this crop
and advances in soybean oil processing and refining have greatly stimuated
both foreign and domestic demand. In 1960, more than one-quarter of the crop
(mostly unprocessed) was exported. However, by 1970 over half of the crop
was being exported. Soybeans have become the leading U.S. agricultural
export in dollar value and are second only to corn in the number of bushels
exported.
The major importers of U.S. soybeans are Northern Europe, Japan, and
Mediterranean Europe. Potential soybean movements on the Great Lakes are
expected to increase more than tenfold by 2040. The average annual percen—
tage increase is 3.5 percent per year.
D-25
 d
.
B
a
r
l
e
y
a
n
d
R
y
e
.
T
h
e
p
r
i
n
c
i
p
a
l
u
s
e
o
f
b
a
r
l
e
y
i
s
a
s
a
n
i
m
a
l
f
e
e
d
.
O
v
e
r
h
a
l
f
o
f
t
h
e
b
a
r
l
e
y
c
r
o
p
i
s
t
y
p
i
c
a
l
l
y
u
s
e
d
f
o
r
t
h
i
s
p
u
r
p
o
s
e
.
A
b
o
u
t
a
q
u
a
r
t
e
r
o
f
t
h
e
c
r
o
p
i
s
u
s
e
d
b
y
t
h
e
d
i
s
t
i
l
l
i
n
g
i
n
d
u
s
t
r
y
.
T
h
e
U
n
i
t
e
d
S
t
a
t
e
s
e
x
p
o
r
t
s
b
a
r
l
e
y
,
h
o
w
e
v
e
r
,
t
h
e
e
x
p
o
r
t
d
e
m
a
n
d
f
o
r
t
h
i
s
c
r
o
p
h
a
s
b
e
e
n
d
e
c
l
i
n
i
n
g
.
A
s
i
s
t
h
e
c
a
s
e
w
i
t
h
f
e
e
d
g
r
a
i
n
s
,
a
m
a
j
o
r
p
o
r
t
i
o
n
o
f
t
h
e
b
a
r
l
e
y
c
r
o
p
i
s
t
y
p
i
-
c
a
l
l
y
c
o
n
s
u
m
e
d
o
n
t
h
e
f
a
r
m
o
n
w
h
i
c
h
i
t
is
p
r
o
d
u
c
e
d
.
O
v
e
r
t
h
e
l
a
s
t
5
y
e
a
r
s
,
t
h
e
U
.
S
.
h
a
s
p
r
o
d
u
c
e
d
a
n
a
v
e
r
a
g
e
o
f
s
l
i
g
h
t
l
y
o
v
e
r
4
0
0
m
i
l
l
i
o
n
b
u
s
h
e
l
s
p
e
r
y
e
a
r
,
o
f
w
h
i
c
h
a
n
a
v
e
r
a
g
e
6
2
m
i
l
l
i
o
n
b
u
s
h
e
l
s
(
o
r
1
5
.
3
p
e
r
c
e
n
t
)
h
a
s
b
e
e
n
exported.
R
y
e
i
s
u
s
e
d
m
o
s
t
l
y
a
s
a
n
a
n
i
m
a
l
f
e
e
d
,
f
o
r
h
a
y
a
n
d
p
a
s
t
u
r
a
g
e
,
a
n
d
a
s
a
c
o
v
e
r
c
r
o
p
.
It
is
a
l
s
o
u
s
e
d
f
o
r
b
r
e
a
d
a
n
d
as
a
d
i
s
t
i
l
l
e
r
s
g
r
a
i
n
in
m
a
k
i
n
g
w
h
i
s
k
e
y
a
n
d
g
i
n
.
R
y
e
is
a
r
e
l
a
t
i
v
e
l
y
u
n
i
m
p
o
r
t
a
n
t
c
r
o
p
in
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
b
e
c
a
u
s
e
it
g
r
o
w
s
w
e
l
l
w
h
e
r
e
w
h
e
a
t
g
r
o
w
s
w
e
l
l
,
a
n
d
w
h
e
a
t
is
t
h
e
p
r
e
f
e
r
r
e
d
c
r
o
p
.
H
o
w
e
v
e
r
,
r
y
e
w
i
l
l
p
r
o
d
u
c
e
a
g
o
o
d
c
r
o
p
o
n
s
o
i
l
t
h
a
t
is
t
o
o
p
o
o
r
t
o
p
r
o
-
d
u
c
e
a
g
o
o
d
c
r
o
p
o
f
w
h
e
a
t
.
B
a
r
l
e
y
a
n
d
r
y
e
p
o
t
e
n
t
i
a
l
m
o
v
e
m
e
n
t
s
o
n
t
h
e
G
r
e
a
t
L
a
k
e
s
a
r
e
e
x
p
e
c
t
e
d
to
l
e
s
s
t
h
a
n
d
o
u
b
l
e
in
t
h
e
f
o
r
e
c
a
s
t
p
e
r
i
o
d
.
U
.
S
.
d
o
m
e
s
t
i
c
t
r
a
f
f
i
c
is
b
a
s
i
c
a
l
l
y
a
s
l
o
w
g
r
o
w
t
h
c
o
m
m
o
d
i
t
y
,
w
i
t
h
l
o
c
k
c
a
p
a
c
i
t
y
c
o
n
s
t
r
a
i
n
t
s
on
the
W
e
l
l
a
n
d
Canal
a
f
t
e
r
the
y
e
a
r
1
9
9
0
d
e
p
r
e
s
s
i
n
g
g
r
o
w
t
h
in
t
r
a
f
f
i
c
.
E
x
p
o
r
t
t
r
a
f
f
i
c
is
a
l
s
o
a
f
f
e
c
t
e
d
by
lock
c
a
p
a
c
i
t
y
constraints.
C
a
n
a
d
i
a
n
C
o
m
m
e
r
c
e
_
I
r
o
n
O
r
e
:
P
r
e
s
e
n
t
a
n
d
p
r
o
j
e
c
t
e
d
C
a
n
a
d
i
a
n
G
r
e
a
t
L
a
k
e
s
i
r
o
n
o
r
e
t
r
a
d
e
v
o
l
u
m
e
s
a
r
e
g
i
v
e
n
in
T
a
b
l
e
0
-
3
.
I
r
o
n
o
r
e
a
n
d
i
r
o
n
o
r
e
c
o
n
c
e
n
t
r
a
t
e
s
m
a
k
e
up
m
o
r
e
t
h
a
n
3
8
p
e
r
c
e
n
t
o
f
C
a
n
a
d
i
a
n
c
o
m
m
e
r
c
e
o
n
t
h
e
G
r
e
a
t
L
a
k
e
s
.
In
r
e
c
e
n
t
y
e
a
r
s
,
m
o
r
e
t
h
a
n
2
6
m
i
l
l
i
o
n
t
o
n
s
h
a
v
e
been
s
h
i
p
p
e
d
a
n
n
u
a
l
l
y
.
Iron
o
r
e
is
us
e
d
e
x
c
l
u
s
i
v
e
l
y
in
the
p
r
o
d
u
c
t
i
o
n
or
iron
and
steel.
C
a
n
a
d
i
a
n
G
r
e
a
t
L
a
k
e
s
i
r
o
n
o
r
e
c
o
m
m
e
r
c
e
c
o
n
s
i
s
t
s
p
r
i
n
c
i
p
a
l
l
y
o
f
the
m
o
ve
-
m
e
n
t
o
f
o
r
e
f
r
o
m
Q
u
e
b
e
c
-
L
a
b
r
a
d
o
r
d
e
p
o
s
i
t
s
up
the
St.
L
a
w
r
e
n
c
e
R
i
ve
r
to
C
a
n
a
d
i
a
n
and
U
n
i
t
e
d
S
t
a
t
e
s
steel
m
i
l
l
s
on
L
a
k
e
O
n
t
a
r
i
o
,
L
a
k
e
Erie,
the
Detroit
River
and
Lake
Michigan.
Smaller
quantities
of
western
Canadian
ore
m
o
ve
from
T
h
un
d
e
r
Bay
on
Lake
Superior
and
Georgian
Bay
to
United
States
m
i
l
l
s
at
Chicago,
Detroit,
Buffalo,
and
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the
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the
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the
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for
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The main Canadian grain movements are western wheats moving eastward to
lake ports and lower St. Lawrence River elevators for domestic use or export
overseas. Most of this trade is through Thunder Bay. This traffic increased
greatly following the Opening of the Seaway in 1959. Today, the Seaway plays
an important role in the world distribution of grain. Recent studies carried
out by the St. Lawrence Seaway Authority indicate that the Seaway will prob-
ably maintain its position for years to come due to its location in the
major grain surplus area of the world; the United States, and Canada. Grain
moving eastward on the Seaway consists primarily of exports destined for
Western Europe and the U.S.S.R. The Seaway Authority's studies have examined
a large number of factors which will affect the future of these export
trades, including the agricultural policy in Western Europe, world grain
market conditions, as well as conditions at home such as prairie production,
foreign aid policies, transportation system capacity in western Canada,
modernization of Seaway grain handling facilities and transportation.
There has been nearly a 50 percent increase in prairie grain production
over the past 20 years. It is expected that grain production will continue
to increase throughout the forecast period due to improvements in agri-
cultural management and increased usage of fertilizers. But the future rate
of increase will be lower than in the past because Canada, like most other
countries, is running out of land on which to grow food crops.
Canada's domestic demand for grain is for milling flour, livestock feeds
and brewing purposes. Domestic demand is expected to increase at about the
same rate as population growth, about 12 percent every 10-year period.
Canadian grain exports are expected to grow at a rate more or less pro-
portional to world population growth (about 2.6 percent per annum) for the
next 10 years or so. However, opinion varies on whether Canada will be able
to maintain its present share of the world's wheat market (20 percent to 25
percent) and coarse grain market (10 percent), in view of the anticipated
declining rate of increase in production in the western provinces. In line
with the declining rate of increase in production, a declining rate of
increase in exports was adopted after about 1990. i
The proportion of the country's total grain exports, which will nmve
eastward through Thunder Bay, will decline as markets in Japan and other
Asian and Pacific Rim countries open up (these markets will be served by west
coast terminals) and as the European Economic Community continues its protec-
tionist purchasing policy. Additionally, anticipated markets in the
Middle-East and North Africa which would be served through the Seaway, are
not expected to become significant due to the unsuitability of Canadian
wheats for the diets of those populations.
The net effect of developments in the export trades and the growth in
the domestic market is an expected decline in the annual rate of growth for
eastbound grain traffic from about 2.5 percent in 1976 to less than 2 percent
by 1990. After 1990 eastbound grain traffic will continue to grow at a slow
rate, but capacity problems at the Welland Canal are expected to dampen
further growth in bulk traffic destined to Lake Ontario and the St. Lawrence
D-29
 River. In addition, by about the year 2000 the United States 500 Locks are
expected to begin experiencing capacity problems, causing the displacement of
bulk commodities from the system in favour of higher valued general cargoes.
Seasonality: Recent historical data were analyzed to establish a sea-
sonal distribution pattern for each of the four bulk commodity trades. It was
assumed that the present shipping seasons on the Great Lakes, i.e., 9 months
on the Welland Canal and the upper lakes and 8.5 months on Lake Ontario and
the rest of the system downstream to Montreal, would not change significantly
during the forecast period. Furthermore, there was no reason to believe that
the pattern of shipping during the season would change significantly.
Typical seasonal distribution curves for the bulk commodities are shown on
Figure 0-3. As the figure shows, during a typical season, traffic in each of
the commodities builds up gradually during the first few weeks of April,
peaks in May and again in October and declines rapidly in December. The spe- ﬁ
cific projected seasonal distribution patterns for the United States and i
Canadian trades in iron ore, coal, limestone and grains are given in Tables
0-7 and 0-8 respectively.
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l
hun
dre
d s
mal
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1
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fle
et
is
now
cha
rac
ter
ize
d
by
few
er
i
but
lar
ger
ves
sel
s,
dee
per
dra
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s
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s
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ed
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ves
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of
fiv
e v
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l t
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s t
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ng
som
e 3
31
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sel
s.
The
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e
163
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bul
k
car
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rs,
93
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ade
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46
tan
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3 c
ran
e
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s,
an
d
26
pa
ck
ag
e
fr
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t
ve
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el
s.
Th
e
fo
ur
bu
lk
co
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od
it
ie
s
an
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ed
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th
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stu
dy
are
car
rie
d
by
the
dry
bul
k c
arr
ier
s,
inc
lud
ing
reg
ula
r
bul
k
car
rie
rs
and
sel
f-u
nlo
ade
rs,
and
thi
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rou
p i
s t
he
mos
t s
ign
ifi
can
t i
n t
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s o
f b
oth
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nag
e a
nd
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ber
.
The
se
ves
sel
s a
re
pri
mar
ily
inv
olv
ed
in
the
bul
k t
rad
es
of iron ore, coal, limestone, and grain.
0f
th
e
25
6
re
gu
la
r
and
se
lf
-u
nl
oa
di
ng
bul
k
ve
ss
el
s
ac
ti
ve
ly
en
ga
ge
d
in.
dom
est
ic
dry
bul
k
tra
nsp
ort
ati
on
in
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0,
87
per
cen
t
wer
e
600
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mor
e
fee
t
in
len
gth
.
Ten
shi
ps
are
1,0
00
fee
t
lon
g
and
14
shi
ps
are
bet
wee
n
767
fee
t
and
858
fee
t i
n l
eng
th.
All
of
the
shi
ps
gre
ate
r t
han
730
fee
t l
ong
are
Uni
ted
St
at
es
sh
ip
s.
In
te
rm
s
of
ca
rg
o
ca
pa
ci
ty
,
90
pe
rc
en
t
of
th
e
dr
y
bul
k
fl
ee
t
car
rie
s 1
0,0
00
lon
g t
ons
or
bet
ter
.
The
Uni
ted
Sta
tes
dry
bul
k f
lee
t p
res
-
ent
ly
con
tai
ns
136
ves
sel
s,
and
the
Can
adi
an
fle
et
pre
sen
tly
con
tai
ns
120
vessels.
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Figure D—3 Distribution of Canadian Great Lakes— St. Lawrence
River dry bulk cargo traffic during the navigation season
Table D-7 - Distribution of U. S. Great Lakes Dry Bulk
Cargo
Traffic During Navigation Season
 
Percent of TotaT Commodity Shipped
 
211.26Q13.29§12.71E11.74E10.85510.85§11.44§11.49§
Commodity
; Apr : May : Jun
: Jul
: Aug
: Sep
: Oct
: Nov :
Dec
Iron Dre : : z z z . .
Routes on s, M, H, E 206.20;12.40;13.40;13.40:13.40:12.40:11.30:10.30: 07.20
Routes on Ontario
208.00;l3.00;13.00;13.00:13.00:12.00:11.00:12.00: 05.00
00a]
.
.
.
3
i
I
I
2
I
Routes on s, M, H, E 209.40 13.50 13.50 11.50 12.50 12.50 12.50 10.40: 04.20
Routes on Ontario
210.00 13.00 13.00 13.00 11.00 09.00 11.00 10.00: 10.00
Limestone . . . . . . : I I
Routes on s, M, H, E 208.00 13.00 12.00 13.00 12.00 12.00 12.00 12.00: 06.00
Routes on Ontario 208.00 13.00 12.00 13.00 12.00 12.00 12.00 12.00: 06.00
£3212 . . . . . . . : :
Routes on s, M, H, E 208.00;11.00;10.00:11.00;12.00:12.00:13.00:14.00: 09.00
Routes on Ontario 208.00 13.00 12.00 10.00 09.00 11.00 15.00 14.00: 08.00
Note: Projection for the years 1§76 through é035. - I . .
TabTe D-8 - Distribution of Canadian Great Lakes Dry BuTk Cargo
Traffic During Navigation Season
: Percent of Total Commodity Shipped
Commodity : Apr : May : Jun : du] : Aug : Sep : Oct : Nov : Dec
Iron Ore :10.17 13.61 12.79 12.79 11.23 11.84 10.84 10.755 6.07
Grains : 9.75 11.88i12.14:12.16; 9.422 9.86 13.17 12.045 9.59
Coal 213.21:13.65:13.99:10.97: 9.07; 9.77 10.99 10.49; 7.91
Limestone - 6.36
Note: Projection for the years 1§76 through é035.
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l
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the
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re
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United States Fleet — vessel Characteristics: FUtUFe addltlons t0 the
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ted
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fle
et
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to
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t
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r
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s
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.
United States Fleet — Distribution of Commerce by Fleet Nationality and
Vessel Class: All United States domestic shipments are carried in United
Sta
tes
ves
sel
s.
How
eve
r,
as
sho
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in
Tab
le
0-1
2,
ver
y
lit
tle
exp
ort
tra
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c
is
car
rie
d
in
Uni
ted
Sta
tes
ves
sel
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was
ass
ume
d
tha
t
the
per
cen
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es
of
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car
rie
d
by
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Uni
ted
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wou
ld
not
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e
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r
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t
ev
al
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pe
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(1
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D-33
Tabie D-9 — Vessel Classification in the Great Lakes Dry Buik Fieet
 
Class : Overaii Length of Huii in Feet
1 3 under 400
2 2 400-499
3 2 500-549
4 2 550-599
5 : 600-649
6 2 650-699
7 2 700-730
8 : 731-849
9 : 850-949
10 : 950-1000
11 : greater than 1000
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 Table 0-12 - Percent Traffic Carried by the U. S. Fleet
Percent Annual Traffic Carried
 
Com
mod
ity
2
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5.
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:
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5.
Exp
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:
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S.
Imp
ort
Iro
n D
re
2
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2
2
3
13
Coa
l
:
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2
E
2
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est
one
:
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E
3
E
0
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Z
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E
7
E
2
United States Fleet — Average Operating Speeds: The aVerage Operating
spe
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for
the
Uni
ted
Sta
tes
fle
et
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e d
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in
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er
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ila
r t
o t
hat
des
cri
bed
for
the
Can
adi
an
Fle
et,
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is
pre
sen
ted
in
a s
ubs
equ
ent
sec
tio
n
(Canadian Fleet - Average OperatingSpeeds);
United States Fleet — Vessel Operating Costs: Hourly Operating COStS .
for
U.S.
ves
sel
s a
re
bas
ed
upo
n d
ata
fur
nis
hed
by
the
Mar
iti
me
Admi
nist
rati
on,
Unit
ed S
tate
s De
part
ment
of C
omme
rce,
and
are
repr
esen
tati
ve
of
cos
ts
in
Jul
y 1
979
, t
he
bas
e e
con
omi
c p
eri
od
sel
ect
ed
for
thi
s s
tudy
.
Ope
rat
ing
cos
ts
wer
e d
eve
lop
ed
0n
the
bas
is
of
a 2
70-
day
ope
rat
ing
yea
r
and
a
15
per
cen
t
pro
fit
(on
the
cap
ita
l
inv
est
men
t)
to
the
shi
p o
per
ato
r.
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ion
cos
ts
wer
e a
mor
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ed
ove
r a
50-
yea
r p
eri
od
at
8-1
/2
per
cen
t
interest.
In
vie
w o
f t
he
rec
ent
rap
id
rise
in
the
pri
ce
of
fue
l,
the
fuel
por
tio
n
of
dai
ly
ope
rat
ing
cos
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has
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n e
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e 5
per
cen
t f
ast
er
tha
n
inf
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ion
for
the
fir
st
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yea
rs
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t e
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ion
per
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(19
85-
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Thi
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4,
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985,
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5 r
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rly
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sel
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rat
ing
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is
sho
wn
in
Tab
les
0-1
3,
0-1
4,
and
0-1
5.
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Vessel
Hourly
Operating
Costs
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U.S.
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'
Vessel
Class
5
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6
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:
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7w
2
8
:
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:
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9
:
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z
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$
:
5
'
$
:
$
2
$
:
$
'
$
2
$
:
S
:
i
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Cost*
:30,000,000
33,000,000
47,000,000
37,000,000
49,000,000
41,000,000
45,000,000
58,000,000;53,000,000:64,000,000;74,000,000
.
.
.
.
.
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&
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-
.
3,545,000:
3,891,000
@
8-1/2%
(50
yrs.)
(.08646);2,594,000
2,853,000
4,064,000
3,199,000:
4,237,000
5
5,015,000'
4,582,000;
5,533,000§
6,398,000
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per
day
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days)
:
9,607:
10,567:
15,0505
11,848:
15,691:
13,129:
14,410;
18,573}
16,972:
20,4945
23,696
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Operating
Expense
(005)
14,0295
15,127;
18,500;
15,657:
19,240
16,521:
18,1735
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20,479;
21,2695
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Overhead
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1,6832
1,8155
2,2205
1,879}
2,309
1,983;
2,181
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n
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m
C
)
I
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n
N
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P
m
ﬁ
t
l
ﬂ
:
(.15
X
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per
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:
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1,585:
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1,777
2
3545
1
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2,162;
2
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2,546
  
;
38,0285
31,161:
39,594}
33,602
1,1155
1,2125
1,5855
1,298;
1,650;
1,400
1,539:
1,9412
1,769?
1,975:
2,210
Total
Daily
Expense
:
26,7605
29,094
36,925:
46,589?
42,454;
47,389:
53,042
Hourly
Operating
Cost
*Contract
in
1979,
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in
June
1981.
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 Tab1e D-15 - Summary of U. S. Vessel
Hour1y
Operating
Costs
(Dollars)
Class 1985 2000 2035
3
810
990
1,090
4 1,070 1,450 1,660
5 1,210 1,630 1,850
6 1,320 1,790 2,040
6w 1,730 2,340 2,670
7 1,410 1,900 2,170
7w 1,800 2,440 2,780
8 1,520 2,040 2,320
8a 1,670 2,250 2,550
8w 2,110 2,820 3,190
9 1,940 2,640 3,020
10 2,140 2,850 3,230
11 2,390 3,170 3,580
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Canadian Fleet — Fleet Composition: Trends in the makeup of the
Canadian fleet have been governed by the opening of the St. Lawrence Seaway.
Prior to 1959, much traffic to and from the lower St. Lawrence River had to
be transshipped in small canallers of about 250 feet in length, and these
dominated the fleet in numbers. Upper lakes traffic was handled mainly by
medium-sized lakers, mostly in the 400 to 600-foot length categories, although
a few over 600 feet in length were built in the 1950's while the Seaway was
under construction.
Following the opening of the Seaway, most of the canallers were quickly
phased out of operation, with the exception of those in specialized trades or
using shallow harbors, such as tankers. At the same time, a very heavy new-
building program was undertaken, almost entirely of maximum Seaway-size
lakers (730-foot length), to take full advantage of the dimensions of the new
Seaway locks. Today, plans are being considered for the construction of
Canada's first 1,000-foot, 65,000-ton superlaker to carry western Canadian
coal from Thunder Bay to Ontario Hydro's generating plant at Nanticoke on
Lake Erie.
There are presently 120 Canadian dry bulk carriers engaged in grain,
iron ore, coal and limestone trades on the Great Lakes. They range in size
from the 259-foot, 4,100-ton Troisdoc to the new 730-foot, 35,100-ton
Canadian Olympic. There are about 45 vessels still in active service in the
fleet which were built priorto the opening of the St. Lawrence Seaway in
1959.
The fleet consists of 87 bulkers and 33 self-unloaders. The bulkers
must be unloaded by dockside equipment, while the self-unloaders carry their
own unloading system on board. Both types of ships have basically the same
characteristics regarding size, speed, capacity, draft and so on. However,
they differ considerably in the rapid turnaround time in port for
self-unloaders, and the flexibility in the type of port which the self-
unloader can serve. At this time, self-unloaders are used mainly in the coal
and limestone trades. Because their belt conveyor unloading system cannot
handle many natural iron ores, self-unloaders have not been used as exten-
sively in the iron ore trades. The iron ore trades, as well as the grain
trades employ mostly regular bulkers.
Throughout this section, the term "fleet" refers to the total combined
fleet consisting of bulkers and self-unloaders. Additionally, all fleet and
vessel characteristics which are presented represent averages for the total
combined fleet. For the purpose of forecasting, it has been assumed that the
present proportions of employment of bulkers and self-unloaders in the
various trades will be maintained throughout the period of projection.
The compositions of present and projected Canadian dry bulk fleets and
designated commodity service capability (by vessel class) are given in Table
0-16. The overall hull lengths corresponding to these vessel classes are as
presented in Table 0—9. Class 7, or maximum Seaway-size vessels presently
dominate the fleet in numbers. All indications are that they will continue
to do so, as smaller vessels retire and new Class 7's take their place.
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 Tab1e
0-16
- Present
and
Future
Compositions
of
the
Canadian Dry Bu1k Fieet (Including
Designated Commodity Service Capabiiity)
 
No. Ships
Number of Ships in Designated Service
C1ass
in Class
Iron Ore
Coai
Limestone
Grains
1977 F1eet
1
14
0
10
0
14
2
2
1
1
1
1
3
5
2
5
4
2
4
13
10
12
7
9
5
18
18
15
10
15
6
15
15
14
6
10
7
__5§
3
4_1
16
19
Tota] 120 99 98 44 91
1985 Fieet
1 14 0 10 0 14
2 1 1 1 1 1
3 5 2 5 4 2
4 10 8 10 7 7
5 17 17 14 10 14
6 16 16 15 6 11
7
80
ﬂ
ﬂ
E
4_2_
Totai 143 105 104 46 91
2000 Fieet
1 13 0 10 O 13
2 1 0 1 1 1
3 0 0 0 O 0
4 2 2 2 1 0
5 14 14 13 10 10
6 16 16 14 6 11
7 101 80 72 36 98
10 2 _0 _2 _0 .2
Totai 1‘9 112 114 54 133
2035 Fieet
1 10 0 10 0 10
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 5 5 3 2 0
6 10 5 2 6 5
7 136 115 88 64 135
10 2 0 2 0 0
Totai 163 125 105 72 150
0-42
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 Table D-17 - Maximum Capacities and Drafts
by Cargo Type for Projected
Vessels in the Canadian Great
Lakes Dry Bulk Cargo Fleet (Iron Ore)
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Table 0—18 - Maximum Capacities and Drafts
by Cargo Type for Projected
Vessels in the Canadian Great
Lakes Dry Bulk Cargo Fleet (Coal)
 
. , Winter Intermediate Summer Midsummer
: Max. T: : Max. : :Max. : :Max. :
Vessel: Draft :Capacity 2 : Draft:Capacity :Draft:Capacity :Draft2Capacity
Class : 1ft.) :(s. tons) : (ft.):(s. tons):(ft.):(s. tons):(ft.):(s. tons)
1 E 18.83 ' 5,647 2 18.835 5,647 £18.83; 5,647 £18.83E 5,647
i . . . . o - .
g 2 : 22.16 9,675 : 22.16: 9,675 :22.16: 9,675 :22.16: 9,675
' 3 2 18.77 9,590 2 18.775 9,590 218.77; 9,590 218.77; 9,590
4 2 20.09 2 11,986 E 20.84; 12,526 220.845 12,526 220.845 12,526
V 5 E 23.23 2 17,554 E 23.23§ 17,554 223.23; 17,554 £23.23; 17,554
2 6 E 24.26 2 20,897 E 24.26; 20,897 224.26E 20,897 224.26; 20,897
1 7 E 26.45 2 28,582 2 26.65§ 28,918 226.67; 28,952 226.67; 28,952
  
1 "Maximum Drafts" shown are the lesser of the seasonal load line limit or
the maximum draft attainable at net capacity (see note 2).
2 "Capacities" shown are the lesser of the net load on board at the seasonal
load line limit or the net load on board when the holds are full.
 Table 0-19 - Maximum Capacities and Drafts
by Cargo Type for Projected
Vessels in the Canadian Great
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Table 0-21 - Seasonal Load Line Limits for
Vessels of Projected Canadian
Great Lakes Dry Bulk Cargo Fleet.l/
 
Draft in Feet
Winter . Midsummer
. (November ; Intermediate : Summer : (June
Vessel : through : (April and : (May and : through
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Table 0—23 - Distribution of Canadian Great
Lakes Dry Bulk Cargo Traffic
By Vessel Class (Cont'd)
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 Table D-23 - Distribution of Canadian Great
Lakes Dry Buik Cargo Traffic
By Vessel Ciass (Cont‘d)
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Canadian Fleet - Vessel Operating Costs: Operating costs for Canadian
lakers are given in Table D-25. These costs represent the approximate
average operating costs for all dry bulk vessels in each class in mid—July
1979. They were develOped from information on vessel running costs obtained
by the St. Lawrence Seaway Authority from vessel operators, and vessel capi-
tal costs obtained from the Department of Industry, Trade, and Commerce.
Operating costs were computed on the basis of a 250—day operating year and a
15 percent profit margin to the ship operator. Construction costs, after
subsidy, were amortized over a 10—year period at 8.5 percent. The subsidy
level was 20 percent. The operating cost of the proposed Class 10 coal
vessels has been estimated to be $2,237 per hour.
2.5.4 Physical and Operational Characteristics of the Navigation System
water Depths: The water levels of the Great Lakes vary from year to
year, and from month to month during each year. The higher levels for the
year occur during the summer months. The lower levels occur during the
winter months. The seasonal variation between the summer high and the winter
low averages about 1 foot on the upper lakes, 1-1/2-feet on Lake Erie, and
nearly 2 feet on Lake Ontario.
Navigable channel depths (project depths) and charted depths in the
Great Lakes are recorded in feet below low water datum, which is a plane on
each lake and a sloping surface on each outflow river. Low water datum ele—
vations (Chart Datum) are given in feet above the mean water level in the
Gulf of St. Lawrence at Father Point, Quebec, International Great Lakes Datum
(1955). Low water datum elevations represent what might be termed the
average low water levels rather than the extreme low water levels.
The sloping surfaces representing low water datum in the St. Clair,
Detroit, and Niagara Rivers are the surfaces of the rivers which would exist
under conditions of stable flow with the water surfaces of the influencing
lakes at their low water datum elevations. For the St. Marys River and the
Montreal to Lake Ontario reach of the St. Lawrence River, low water datums
are the sloping surfaces of the rivers when the water surfaces of the
influencing lakes are at their low water datum elevations and/or specified
water surface elevations exist at designated points on the rivers.
With the low water datums as planes of references, depths in navigation
channels are generally equal to or greater than project depths except during
extreme low water years, such as those which occurred during the mid-1920's,
mid-1930's and the early 1960‘s.
One inch of vessel draft on a freighter of 25,000 tons carrying capacity
represents 125 short tons of cargo. On a 1,000-foot, 68,000-ton capacity
bulk carrier, 1 inch means a loss or gain of 230 tons or about 0.3 percent of
carrying capacity. It is evident that raising or lowering of water levels
will affect both the volume and the unit cost of cargo movements. It is
therefore desirable that a relatively stable water level, uniformly balanced
relative to low water datum throughout the system, be maintained on the Great
Lakes and that occurrences of extreme low lake levels be reduced.
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TabTe D-26 - U. S. FTeet Shipment Distances by Origin
and Destination, Traffic Type and Commodity
Trade (Statute MiTes)
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Tabie D—27 - Canadian Fleet Shipment Distances by Origin
and Destination, Traffic Type and Commodity
Trade (Statute Miies)
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of
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carries
only
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commodity
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_
tripsis
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commodity.
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carries
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cargo
in
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and
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A
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of
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to
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to
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other
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Table 0-30 — Loading Rates at U.S. Harbors
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H
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 Table 0-32 - Loading and Unloading Time
U. 5. Bulk Carriers
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
5:
6:
6w:
7w:
8a:
8w:
10:
2 x 22,000 (capacity class 5) X 1
3,100 .80 (eff.)
26,000 (capacity class 6) X 20 hrs. + 2 hrs. =
22,000 (capacity class 5)
2 X 37,900 (capacity class 6w) X 1 + 2 hrs.
3,300 .80
+ 2 23 +
H
2 X 30,400 (capacity class 7) X 1 2 =
3,300 .80
N = 30 + 239,400 (capacity class 7!) X 23 hrs. +
30,400 (capacity class 7)
2 X 29,700 (capacity class 8) X _l + 2 = 21 + 2 =
3,500 .8
2 X 36,400 (capacity class 8a) X 2 = 26 + 2
_l +
3,500 .8
49,300 (capacity class 8w) X 26 hrs. + 2 = 35 + 2
36,400 (capacity class 8a)
49,800 (capacity class 9)
X 26 hrs. + 2 = 36 + 2
36,400 (capacity class 8a)
No bulk carriers in this class.
+ 2 hrs.
2
23
5
32
28
37
38
18 + 2
24 + 2 = 26
29 + 2 = 31
20
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 Personnel employed in lake fleet operations have indicated that average
unloading time to stockpile is 8 to 12 hours for self unloaders and longer
for bulk carriers. Loading rates can be as short as 5 to 8 hours, but nor-
mally require 10 to 20 hours. The normal combined rates would then be 18 to
32 hours which encompass the range used in this study of 20 to 30 hours.
Selections of time were weighted slightly toward the self-unloader fleet as
this represents the most recent and fastest growing portion of the fleet.
The average turnaround time in port for the Canadian trades are given in
Table 0-34. These are average times for the combined fleet of bulkers and
self-unloaders. They were determined in a manner similar to that used for
United States ships. The total time spent in port consists of time to berth
and de-berth, load and unload, take on supplies, have minor maintenance
performed, make measurements and documentation, and average waiting time.
The mean loading and unloading rates for the major Canadian and United States
terminal facilities used in the Canadian trades, which were used to develop
average loading and unloading times, are given in Tables 0-35 through D-38.
Shallow Draft United States Harbors : A shallow draft harbor is
defined as "any harbor or dock area with less than 27 feet of water depth
available." Traffic tapes were analyzed for 1976, the most recent year that
tapes were available, to determine the traffic at 27-foot and less than
27-foot deep harbors. Results are shown on Tables 0-39 through 0—42.
Nearly all of the iron ore shipped on the Great Lakes is shipped and received
at harbors having system depth of 27 feet. Nearly all of the grain travels
at 2
7 fe
et w
ith
the
exce
ptio
n of
U.S.
grai
n sh
ippe
d to
Buff
alo,
NY (
abou
t 1.
5
million tons annually), which is received at less than 27-foot docks.
However, limestone and coal are shipped to many of the smaller harbors
for use in the construction industry and as fuel. Some of the shipping and
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ave
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7 f
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Table 0—37 — Average Loading and Unloading Rates at Major
Terminals used in the Canadian Dry Bulk Trades
 
(Limestone)
Loading Terminals : Unloading Terminals
.
. Average Rate,
:
: Average Rate,
Harbor
: Number
:
Tons/Hour
: Number
:
Tons/Hour
Canadian Ports ;
Lake Superior: ;
Thunder Bay 1 : S.U.'s only l/
1 : 65
Michipicoten : 1 : S.U.'s only
Sault Ste. Marie : 2 : S.U.'s only
Lake Huron: : : :
Killarney : 1 2 2,000 :
Whitefish - ‘ 1 : 1,000
Courtwright 1 : S.U.'s only
Sarnia 5 : S.U.'s only
Parry Sound 1 : S.U.'s only
Sombra 2 : S.U.'s only
Serpent River 1 : S.U.'s only
Lake Erie: : : -
Port Colbourne : 2 : 1,400 : :
Windsor ' 1 ' 400 : 4 : S.U.'s only
Amherstburg : : : :
Kingsville : : : 1 : S.U.'s only
Killarney ' 1 ' 2,000 ‘ :
Lake Ontario:
Bathe 1 900 :
Hamilton 2 400 : 3 S.U.'s only
Picton 2 1,000 : 1 S.U.'s only
Clarkson 1 2,000 -
Col
bor
ne
1
1,00
0
:
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Toronto . 1 400 : 3 : S.U.'s only
St.
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 Tab1e D-38 — Average Loading and Un1oading Rates at Major
Termina1s used in the Canadian Dry Bu1k Trades
 
(Grain)
Loading Termina1s : Un1oading Termina1s
: Average Rate, :5 : Average Rate,
Harbor : Number : Bushe1s/Hour : Number : Bushe1s/Hour
Canadian Harbors
Lake Superior: : : : :
Thunder Bay : 25 : 48,840 : 4 : 10,300
Lake Huron: ‘ ' ' -
Co11ingwood 1 16,000 1 16,000
Goderich 1 12,000 2 18,500
Mid1and 3 15,700 3 31,700
Owen Sound 1 15,000 1 22,000
Port McNicho11 1 12,000 1 49,000
Sarnia 1 22,000 1 30,000
Na11aceburg 1 15,000 1
Lake Erie: : :
Port Co1borne : 2 : 58,000 2 28,000
Windsor : :
Port Stan1ey : 1 : 22,000 1 15,000
Lake Ontario: ' '
Toronto 3 18,400 3 10,000
Kingston 2 44,000 1 35,000
Hami1ton . 1 5,000
St. Lawrence River::
Montrea1 5 99,200 4 41,250
Baie Comeau 1 47,000 1 85,000
Port Cartier 1 70,000 1 100,000
Quebec 1 45,000 2 80,000
Sore] 2 65,000 1 32,000
Trois Rivieres 1 55,000 1 45,000
Cardina1 : : 1 15,000
Prescott : 1 : 80,000 1 96,000
United States
Harbors
Lake Superior: : :
Du1uth : 13 : 26,900 3 10,000
Superior : 15 : 23,700 3 15,300
Lake Michigan : :
Chicago 8 34,400 : 7 : 11,000
Mi1waukee 2 26,000 : 2 : 10,000
Lake Huron: : : : '
Saginaw : 2 : 30,000
Lake Erie: : :
To1edo : 3 : 40,700
Detroit : :
Huron : 1 : 15,000 : 1 : 20,000
Buffa1o : 4 : 14,500 : 5 : 22,600
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 Table D—39 — Iron Ore Traffic at U.S. Harbors for 1976
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SECTION 3
EVALUATION OF REGULATION PLANS
3.1 Lake Erie Regulation Plan Objective
Limited regulation of Lake Erie would require increasing the Lake's
outflow whenever high water supply conditions exist on the upper Great Lakes
(about 80 percent of Lake Erie water c0mes from the upper Great Lakes). This
can be achieved by a control structure near the head of the Niagara River
(the outlet of Lake Erie). When the supply condition on the upper Great
Lakes is at or below average, the control structure at Niagara would be
adjusted to provide the outflow which would haveoccurred under natural
conditions. The objective, therefore, is to maximize the lowering of the
high Lake Erie water levels while maintaining as nearly as possible its long-
term average and low levels. Several alternative control structures have
been examined and regulation plans developed around them. These structures
have net capacities on an annual basis, ranging from 3,700 cfs to 25,000 cfs.
3.2 Basis-of—Comparison
3.2.1 Basis-of—Comparison Using Plan 1977 and Plan 1958-D
(Categories 1 and 2)
All Lake Erie regulation plans developed by the Board were compared to
the basis-of-comparison which is a set of water levels and outflows that the
Great Lakes would have experienced for the historical period 1900-1976 if
certain assumed physical conditions had been in effect throughout this
period. In computing the basis-of-comparison, the Study Board adopted the
following conditions: Lake Superior regulated in accordance with Plan 1977;
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its outlet near the head of the Niagara River. The regulation studies were
conducted under threeseparate categories. Category 1 develops the necessary
plans to regulate Lake Erie levels without making any changes to Lake Ontario
Regulation Plan 1958-0. Categories 2 and 3 deal with the modifications to
Plan 1958-0. Category 3 also deals with channel modifications in the St.
Lawrence River to handle the increased outflow from Lake Erie. Plans for
Lake Erie regulation under each category were further subdivided into three
groups: those which require a regulatory structure in the Niagara River,
those which utilize a regulatory structure in a diversion channel cut across
Squaw Island, and lastly, plans which use the Black Rock Lock to discharge
the additional water from Lake Erie. All of these plans are considered
limited regulation schemes since they would only lower the high levels of
Lake Erie, but could not raise its levels.
The resulting outflows from Lake Erie, under Category 1, were routed
through Lake Ontario in accordance with Regulation Plan 1958-0. Under
Category 1 there was no attempt to modify Plan 1958-D to accommodate this
increased inflow nor to satisfy the IJC Lake Ontario criteria. Plans under
Category 2 included modifications to the operational rules of Lake Ontario
Plan 1958-0 to accommodate regulation of Lake Erie and to satisfy the IJC
criteria for the regulation of Lake Ontario to the same degree as occurred
under the developnent of that plan and under actual operation since 1960.
Regulation of Lake Ontario under Plan 1958-0 consists of the selection
of an outflow from a basic rule curve and a comparison of that outflow with a
series of outflow limitations. If the selected outflow is greater than the
minimum limitations or less than the maximum limitations, it is adopted as
the outflow to be released from the lake. If, however, it falls outside the
limitation, the limitation will govern the flow to be released. Category 2
modification consisted of making changes to these limitations (referred to as
the "I", "P", "M", "J", and "L" limitations). This is explained fully in
Append ix A.
Category 3 differs from Category 2 in that the resulting Lake Ontario
levels and outflows are to satisfy the criteria as written in the Orders and
Supplementary Orders of Approval over the entire 1900-1976 test period. This
involves channel modifications in the St. Lawrence River as well as modifica-
tions to Plan 1958-0.
Three plans were tested under each category; designated as 25N (which
would increase the outflow from Lake Erie by 25,000 cfs), 155 (which would
increase the outflow by 9,600 cfs), and 6L (which would increase the outflow
by 3,700 cfs).
3.4 Economic Impact on Commercial Navigation
The Navigation Subcommittee evaluated the effects of each regulation
plan on commercial navigation by comparing the cost of transportation under
the basis-of—comparison regime of lake levels to the cost of transportation
under the three plans for each category (1, 2, and 3).
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Table 0-50 — Economic Impact on Commercial Navigation under Category 2
(Compared to Basi
s-of-Comparison)
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 Table 0-52 - Summary of Hydrologic Evaluation of Lake Erie
Regulation Plans
Basis-Of- : : :
Comparison : Plan 6L : Plan 155 : Plan 25N
LAKE SUPERIOR ' '
Mean 2 600.44 S ' 600.43 § 600.41 2 600.37
Maximum : 601.93 : 601.93 : 601.93 : 601.93
Minimum : 598.69 : 598.68 : 598.65 : 598.62
Range : 3.24 : 3.25 : 3.28 : 3.31
LAKES MICHIGAN-HURON ' ' '
Mean 3 578.27 E 578.24 E 578.18 E 578.05
Maximum : 581.15 : 581.09 : 580.99 : 580.75
Minimum : 575.47 : 575.45 : 575.42 : 575.36
Range : 5.68 : 5.64 : 5.57 : 5.39
LAKE ERIE ' ' '
Mean 2 570.76 § 570.67 § 570.53 § 570.17
Maximum : 573.60 : 573.45 : 573.18 : 572.53
Minimum : 568.09 : 568.07 : 568.02 : 567.84
Range : 5.51 : 5.38 : 5.16 : 4.69
LAKE ONTARIO - Cat. 1 Z ' ' '
(with deviation) ‘
Mean 2 244.61 Q 244.64 E 244.65 E 244.63
Maximum : 247.37 : 247.39 : 247.56 : 247.50
Minimum : 241.81 : 241.74 : 241.59 : 241.38
Range : 5.56 : 5.65 : 5.97 ; 6.12
LAKE ONTARIO - Cat. 2 E ' ' '
Mean 2 244.61 § 244.66 2 244.69 2 244.71
Maximum : 247.37 : 247.34 : 247.42 : 247.45
Minimum : 241.81 : 242.04 : 242.12 : 242.21
Range : 5.56 : 5.30 : 5.30 : 5.24
E Adj. B.0.C. 2 Plan 6L 2 Plan 153 2 Plan 25M
LAKE ONTARIO - Cat. 3 2 ° ' °
Mean 2 244.63 E 244.64 § 244.65 2 244.67
Maximum : 246.77 : 246.79 : 246.84 : 246.83
Minimum : 242.38 : 242.32 : 242.34 : 242.47
Range : 4.39 : 4.47 : 4.50 : 4.36
   
D-91
 
 Ontario is carried in United States vessels. In addition, Lake Ontario
levels are seldom the controlling levels for routes involving other lakes in
the system. Therefore, the impacts on the Canadian fleet are also small, but
are still much larger than for the U.S. fleet since most of the traffic on
Lake Ontario is carried in Canadian vessels.
3.4.2 Impact by Plan
As shown in Tables D-49, D-SO, and D-Sl, the total net loss to naviga-
tion increases from Plan 6L to Plan 25N as the Lake Erie levels, and
consequently, Lake Michigan-Huron levels are decreased. As stated above,
Lake Erie levels directly affect mainly Canadian traffic, while Lake
Michigan-Huron levels affect mainly U.S. traffic.
3.4.3 Effect of Adjusting Basis-of—Comparison
The adjustments to the basis-of-comparison only affect the levels on
Lake Ontario. Therefore, there are only small impacts on the United States
fleet since little traffic on Lake Ontario is carried in U.S. vessels. Most
traffic on Lake Ontario is carried in Canadian vessels and, therefore, the
impacts are greater on the Canadian fleet. Table 0—53 shows a comparison of
the effects of Category 3 plans on the U.S. and Canadian fleets under basis-
of-comparison and adjusted basis-of-comparison conditions.
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Table 0-53 - Comparison of Impacts on Transportation Cost
Under Basis-of-Comparison and Adjusted
Basis-of—Comparison Conditions (Category 3)
 
: Impact in Dollars (Present Worth)
Condition : Plan 6L : Plan 155 : Plan 25N
United States Fleet
Basis-of—Comparison - 8,184,000 ~ 24,424,000 - 72,493,000
Adjusted Basis-of-
Comparison - 8,178,000 - 24,412,000 - 72,484,000
Difference - 6,000 — 12,000 - 9,000
Canadian Fleet
Basis-of-Comparison - 3,148,000 - 12,395,000 - 42,124,000
Adjusted Basis-of-
Comparison — 3,970,700 - 13,103,000 - 42,900,000
Difference 3 822,700 Q 708,000 S 776,000
   
 Section 4
SENSITIVITY ANALYSES
4.1 Introduction
The purpose of each sensitivity test undertaken was to determine the
effect of changes in basic data or assumptions on the losses to navigation
caused by limited regulation of Lake Erie. The following assumptions and
data were tested:
1. Projections of bulk traffic,
2. extension of the navigation season, and
3. capital cost of ship construction.
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 The projections of future commerce were modified to include a low pro-
jection assuming no growth at all between years 1985 and 2035 and a high pro-
jection assuming 2-1/2 percent annual growth between 1985 and 2035. The
projections used in this study represent growth of about 1 percent annually.
Table D-54 shows the traffic in millions of tons under each assumption and
the capitalized value of each.
Table D—54 - Sensitivity Analysis of Traffic Projections
 
: Year : Capitalized Value : Effect on
Traffic : 1985 : 2000 : 2035 : at 8—1/2% : Navigation
Projection : (Millions of Tons) :(Millions of Dollars): Losses
Low (no growth) 2 244 E 244 Z 244 2 3,072 2 - 15%.1/
Used in this study; 2 E E ;
(1% annual) - 244 : 299 : 378 : 3,596 : —
High (2-1/2% . 2 E E 2
annual) : 244 : 353 : 839 : 4,520 : + 26% Z/
1/ 3072
- 3596
x 150
= -16%
.
'
'
“ ““7§S98""
Z/w x 100 = +26%
3596
As shown, the no growth assumption would reduce the losses to navigation
by 15 percent because less traffic would be in the system to be affected by
changes in levels. The high projection, on the other hand, would increase
the losses to navigation by about 26 percent.
4.3 Extension of the Navigation SeaSon
The impact of season extension on the losses to navigation due to
limited regulation of Lake Erie would be directly proportional to the change
in total transportation cost reduction. For example, extension of the season
by one month would reduce the required freight rate by about 2-152 percent
for iron ore, 3 percent for coal, and about 1 percent for graina_/ The
effect on limestone was not evaluated. A one month season extension would
reduce total transportation cost for bulk commodities by about 2 percent. As
a result, any benefits or losses accruing to commercial navigation due to
limited regulation ofLake Erie would also be reduced by about 2 percent.
 
‘3/ Data on freight rates taken from 16 December 1975 Winter Rate Study by
ARCTEC, Inc.
 4.4 Capital Cost of Ship Construction
The vessel operating cost used in this study includes the capital cost
of ship construction based on the premise that all costs should be shared
equally by the users of the system. Lower water levels result in lower
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n d
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4.5.1 Projections of Future Commerce
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re
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y t
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uat
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the
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par
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the
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 A test run of Plan 25N using the IGLLB assumption of no shallow draft
traffic by 1995 indicated losses to navigation of about 58 million dollars
(present worth). The losses under the current revised shallow draft analysis
are about two times greater ($117 million). Therefore, the revised shallow
draft analysis approximately doubles the losses to commercial navigation.
4.5.3 Vessel Operating Costs
Vessel operating costs were obtained from the United States Maritime
Administration and in Canada, from the St. Lawrence Seaway Authority and the
Depa
rtme
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dust
ry,
Trad
e,
and
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erce
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l o
pera
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A c
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Table D—55 - Comparison of ILER and IGLLB Study
Hourly Vessel Operating Costs
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4.5.4 Fuel Costs
The costs of marine diesel and bunker C #6 fuels have risen dramatically
from 1971 to 1979 as shown in Figure 0-6. Based on this increase, and the
rece
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the
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pro
jec
t e
con
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s p
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 4.6 Verification of 1980 Computer Program
The 1980 computer program used in this study (ILER Study) is a modified
version of the program used in the International Great Lakes Levels Board
 
(IGLLB) Study (7 December 1973).
The
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0 d
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pro
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e
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Co
mp
ar
is
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Be
tw
ee
n
Dr
ed
gi
ng
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st
s
Pl
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Na
vi
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dgi
ng
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Bei
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Nav
iga
tio
n
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ses
Wit
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Dre
dgi
ng
(Mi
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Dol
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Pre
sen
t
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: Dr
edg
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l
:
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-yr
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-yr
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3
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Z
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E
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E
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E
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ANNEX A
CONVERSION FACTORS
(BRITISH TO METRIC UNITS)
1 cubic foot per second (cfs) = 0.028317 cubic metres per second (cms)
1 cfs-month = 0.028317 cms-month
1 foot 0.30480 metres
2.54 centimetres
1 inch
1 mile (statute) = 1.6093 kilometres
l
l
1 ton (short) 907.18 kilograms
1 s
qu
ar
e
mi
le
2.
59
00
sq
ua
re
ki
lo
me
tr
es
1 cubic mile = 4.1682 cubic kilometres
Tem
per
atu
re
in
Cel
siu
s:
°C
= (
°F
- 3
2)/
1.8
1 acre-feet = 1,233.5 cubic metres
1 gallon (U.S.) = 3.7853 litres
1 gallon (British) = 4.5459 litres
1 ton (long) = 1016.0 kilograms
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Canadian Section
Charles J. R. Lawrie, Chairman
Transport Canada
G. Reginald Golding, Member
Transport Canada
Nick Mangione, Member
Department of Public Works
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United States Section
 
Charles w. Larsen, Chairman
Corps of Engineers
Robert McIntyre, Member
Corps of Engineers
William Gelston, Member
St. Lawrence Seaway Development
Corporation
Robert J. Lewis, Member
St. Lawrence Seaway Development
Corporation
Donald J. Ward, Member
Corps of Engineers
Sharon Heckman, Member
Corps of Engineers
Fred Kwan, Member
Corps of Engineers
  
ANNEX C
Computer Programs
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“LEVELS” and “GLCOST”
for
NCD Planning Division, Chuck Larsen
to be used by the
International Great Lakes Levels Board
for a report to the
International Joint Commission
on the
Regulation of Great Lakes Water Levels
Source Language: Fortran System: BCS EKSl
Author(s)
1. Bureau of Mines
2. U. 8. Army Corps of Engineers, Detroit District
3. U. S. Army Corps of Engineers, North Central Division
Sharon Heckman (NCDDO)
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 Commercial
navigation
cost
comparison
figures
have
been
calculated
with
the
help
of
computer
algorithms
for
various
lake
level
regulation
plans.
With
the
assistance
of
data
processing,
it
was
possible
to
study
numerous
regulation
plans
and
arrive
at
transportation
costs
for
both
U.
S.
and
Canadian
fleets
by
commodity,
month,
traffic
route,
and
vessel
class.
Two
separate
computer
programs
were
needed
in
this
study.
These
programs
will
be
referenced
as
"LEVELS"
and
"GLCOST."
The
first
program,
"LEVELS,"
is
only
used
to
preprocess
the
actual
lake
water
level
readings
and
produce
the
route
variation
readings
needed
to
execute
the
second
program,
"GLCOST."
Once
all
the
various
plans
under
consideration
have
been
run
and
converted
by
"LEVELS,"
the
output
can
be
saved
and
input
to
"GLCOST"
as
often
as necessary or desired.
Input
to
"LEVELS"
consists
of
files
of
data
that
contain
monthly
mean
lake
level
readings.
The
first
record
in
each
file
is
a
title
card.
The
second
and
remaining
data
records
consist
of
12
lake
level
readings
(January-December),
a
lake
number,
and
a
year.
The
format
for
this
data
is
(9A8,2X,Il,1X,I4).
The
third
record
contains
the
monthly
values
for
the
same
lake
and
the
next
year.
All
data
for
one
lake
is
grouped
together
and
followed
by
data
for
another
lake.
The
program
is
currently
set
to
extract
data
for
1900-1976,
the
years
used
in
the
study.
The
lake
numbers
to
be
used
are
1,
2,
3,
and
4.
If
any
other
lake
numbers
or
years
exist
on
the
input
file,
they
will
be
ignored.
Input
levels
for
1
represent
Lake
Ontario,
2
is
Lake
Erie,
3»is
Lakes
Michigan
and
Huron,
and
4
is
Lake
Superior.
Since
Lake
Michigan
and
Lake
Huron
hydraulically
react
as
one
Take,
only
one
set
of
water
level
readings
is
available
for
them.
A
maximum
of
30
different
files
may
be
input
for
one
run.
The
output
will
consist
of
an
equal
number
of
files.
These
output
files
will
also
start
with
a title
card.
The
remaining
data
records
contain
the
month,
year,
and
10
numerical
values.
These
numbers
represent
the
variation
(plus
or minus)
that
exist
relative
to the
minimum
water
depth
to be
used
in "GLCOST."
The
10 values correspond to 10 different
routes that will
be evaluated
in
"GLCOST"
and
listed
later
within
this
documentation.
The
output
format
is
(12F6.0,2X,Il,lX,I4).
Data
for
each year
is grouped
together.
These
files
will
subsequently
be
used
as
water
level
input
to
"GLCOST."
 
"GLCOST" was
prepared
to utilize
all
of
the
data
on
vessel
characteristics, prospective commerce,
operating costs, trip times,
and water
level
data in order to calculate the cost of commercial
shipping on the Great
Lakes.
A comparison of these costs will
show the monetary effect (cost bene-
fits
or losses)
of the
regulation
plans
being
considered.
One execution of "GLCOST" will produce cost figures for a single year
for either U. S. or Canadian data.
Within this run, a maximum of 30 dif-
ferent lake level plans may be considered.
Each run will evaluate data for
four different commodities and produce results for deep draft and shallow
draft harbors.
The program will handle 77 years of water level data
(1900-1976), 11 different vesssel classes, and 10 different trade routes for
domestic, export, and import cargo.
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Numerical input values may be coded using a free format (separate each
numb
er b
y at
leas
t on
e sp
ace)
unle
ss
othe
rwis
e i
ndic
ated
.
Titl
es
(wor
ds
list
ed
in c
apit
al
lett
ers
such
as i
tems
5, 7
, 9,
11,
etc.
, l
iste
d be
low)
are
input simply to label data for easier identification. The first three let-
ters are required and any additional letters or comments may be input simply
to help the user. Data should be input as follows:
1. Number of files of water level data to be run. (Total number
equals base case plus number of alternate plans up to a maximum of 30 files).
2. Short title (maximum of 10 characters in columns 1-10) for each file
of water level data.
3. Title (maximum of 80 characters).
This line will be printed as part of each page heading on the
output.
This title might contain the country (United States or Canada), com-
modity (iron ore, coal, limestone, or grain), year, date of run,
etc.
4. a. Year
b. Minimum water depth for deep draft harbors (ex. =27 ft.)
c. Minimum water depth for shallow draft harbors (ex. iron = 23.4
feet, coal = 23 feet, limestone = 24.1 feet, grain = 23.8 feet).
d. Percentage of U. S. Exports carried in U. S. ships for U. S.
runs or percentage of Canadian imports carried in Canadian ships for Canadian
runs (ex. 80 percent = 80).
e. Percentage of U. S. imports carried in U. S. ships for U. S.
runs or the percentage of Canadian exports carried in Canadian ships for
Canadian runs.
f. Country code:
U. S. Data
0
1 Canadian Data
5. ACAEACITY - This word represents a title for the following line of
data. Input either the entire word or abbreviate by inputting the first
three letters (see sample input).
6. Maximum designed cargo capacity (in tons) for each of the 11 vessel
classes. Separate numbers by at least one space.
7. QEAFT - Next title line, input entire word or minimum of three let-
ters as underlined.
8. Draft at maximum cargo capacity (feet) for each of the 11 classes.
D-llO
 9.
10.
 
IMMERSION - Another title line.
Net
cap
aci
ty
(to
ns)
/fe
et
of
imm
ers
ion
in
exc
ess
of
18
fee
t f
or
eac
h
of the 11 vessel classes.
11.
12.
13.
14.
15.
input.
16.
17.
18.
19.
20.
21.
22.
23.
SEEED - Next title line.
Ves
sel
spe
ed
in
mil
es/
hou
r f
or
eac
h v
esse
l c
las
s (
11
val
ues
).
CQST
Ves
sel
ope
rat
ing
cos
t (
dol
lar
s)
per
hou
r f
or
eac
h v
esse
l c
las
s (
11).
gig
ss
DIS
TRI
BUT
ION
- T
itl
e,
min
imu
m o
f f
irs
t t
hre
e l
ett
ers
mus
t b
e
Percentage of annual shipment by class.
For
U.
S.
run
s,
inp
ut
two
lin
es
of
11
val
ues
eac
h
(22
tot
al)
.
The
fir
st
11
val
ues
are
use
d
for
dee
p
dra
ft
fig
ure
s
unl
ess
the
ro
ut
e
in
cl
ud
es
La
ke
On
ta
ri
o
or
th
e
St.
La
wr
en
ce
Se
aw
ay
.
The
sec
ond
11
val
ues
are
use
d
for
sha
llo
w d
raf
t
har
bor
s
and
for
the routes excluded above.
For
Can
adi
an
run
s
inp
ut
thr
ee
lin
es
of
11
val
ues
eac
h
(33
tot
al)
.
The
fir
st
11
val
ues
are
use
d
for
dom
est
ic
ton
nag
e.
Th
e
se
co
nd
11
va
lu
es
are
ap
pl
ie
d
to
Ca
na
di
an
im
po
rt
to
nn
ag
es
.
The
thi
rd
set
of
11
val
ues
are
use
d
for
Can
adi
an
exp
ort
ton
nag
es.
Exa
mpl
e:
For
15
per
cen
t,
inp
ut
15.
Eac
h
set
of
11
val
ues
mus
t
total 100 percent.
MTHLY DISTRIBUTION
Per
cen
tag
e
dis
tri
but
ion
of
tra
ffi
c
by
mon
th.
Fo
r
U.
S.
da
ta
,
in
pu
t
tw
o
li
ne
s
of
12
va
lu
es
ea
ch
(2
4
nu
mb
er
s)
.
Th
e
fi
rs
t
12
va
lu
es
ar
e
us
ed
fo
r
de
ep
dr
af
t
an
al
ys
es
an
d
th
e
se
co
nd
set
of
12
va
lu
es
are
us
ed
for
sh
al
lo
w
dr
af
t
ca
lc
ul
at
io
ns
.
Ca
na
di
an
da
ta
ne
ed
s
on
ly
on
e
se
t
of
pe
rc
en
ta
ge
s
(1
2
va
lu
es
).
Ea
ch
se
t
of
12
nu
mb
er
s
mu
st
ad
d
up
to
10
0
pe
rc
en
t.
BQUND TRIP FACTOR
Ro
un
d
tr
ip
ti
me
fa
ct
or
by
cl
as
s
(1
1
va
lu
es
).
ungOADING TIME
Un
lo
ad
in
g
ti
me
in
ho
ur
s
by
cl
as
s
(1
1
va
lu
es
).
Logo LINE LIMITS
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24.
25.
26.
27.
 
28.
29.
30.
 
(11 numbers/line).
intermediate, summer, and midsummer.
Winter limits will be used for January, February, March, November, and
December.
Intermediate for April and October.
Summer data will be applied to May and September.
Midsummer for June, July, and August.
omitted.
Next four lines consist of four sets of seasonal load line limits
Limits should be input in seasonal order of winter,
_IQMNAGE, MILEAGE, AND SHALLOW DRAFT PERCENTAGE
DOMESTIC — If no domestic cargo is shipped, this category may be
Shipping data for domestic cargo. This data must be input in speci-
fic columns instead of simply separated by spaces as in the previous data.
Use as many lines as is necessary to describe domestic cargo.
Column 1 - Lake Origin
Vessel loads cargo at a port on one of five lakes.
Input S for Superior, M for Michigan, H for Huron,
E for Erie, and O for Ontario.
Column 3 - Lake Destination
Vessel
unloads cargo at a port on one of five lakes.
Input S, M, H, E, or 0.
Column 4-13 (F10.0) - Tonnage (in thousands of tons)
Column 14-23 (Fl0.0) - Mileage (distance from origin to destination)
Column
24-33
(F10.0)
— Percentage
of
tonnage
that
travels
to
shallow
draft harbors.
§§EORTS — U. S. Exports
For
Canadian
runs,
data
for
Canadian
imports
should
follow
this
heading.
Omit
this
title
if
data
is
not
available.
Code
exported
cargo
as described
for domestic
cargo
in
27.
IEEORTS - U. S. Imports
For
Canadian
runs,
data
for
Canadian
exports
should
follow
this
heading.
Omit
this
title
if
data
does
not
exist
for
this category.
Code
imported
cargo
as
described
in
27.
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32.
33.
34.
35.
  
E
g
g
—
In
di
ca
te
s
th
e
en
d
of
a1
]
da
ta
fo
r
co
mm
od
it
y
sp
ec
if
ie
d
in
3.
Re
pe
at
it
em
s
3-
32
fo
r
co
ai
.
R
e
p
e
a
t
i
t
e
m
s
3
—
3
2
f
o
r
1
i
m
e
s
t
o
n
e
.
R
e
p
e
a
t
i
t
e
m
s
3
-
3
2
f
o
r
g
r
a
i
n
.
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 Th
e
co
mm
od
it
y
in
pu
t
or
de
r
of
ir
on
,
co
al
,
li
me
st
on
e,
an
d
gr
ai
n
on
ly
re
la
te
s
to
th
e
ti
tl
es
an
d
he
ad
in
gs
pr
in
te
d
in
th
e
su
mm
ar
y
re
po
rt
;
th
er
ef
or
e,
th
e
or
de
r
ma
y
be
ch
an
ge
d
or
su
bs
ti
tu
ti
on
s
ma
y
be
ma
de
pr
ov
id
ed
th
e
us
er
re
al
iz
es
th
at
th
e
fi
rs
t
gr
ou
p
wi
ll
be
pr
in
te
d
un
de
r
th
e
he
ad
in
g
ir
on
,
th
e
se
co
nd
gr
ou
p
un
de
r
co
al
,
th
e
th
ir
d
un
de
r
li
me
st
on
e,
an
d
th
e
fo
ur
th
un
de
r
gr
ai
n.
To
ta
l
co
st
fi
gu
re
s
ar
e
pr
in
te
d
in
mi
ll
io
ns
of
do
ll
ar
s.
Th
e
ac
tu
al
to
ta
l
co
st
wi
ll
be
pr
in
te
d
fo
r
th
e
fi
rs
t
wa
te
r
le
ve
l
pl
an
.
Al
l
su
bs
eq
ue
nt
co
st
s
wi
ll
be
pr
in
te
d
as
di
ff
er
en
ce
s
be
tw
ee
n
th
e
ba
se
ca
se
(P
la
n
1)
an
d
th
e
fo
ll
ow
in
g
al
te
rn
at
iv
e
pla
ns.
If
the
di
ff
er
en
ce
s
are
ne
ga
ti
ve
,
th
e
pl
an
be
in
g
co
ns
id
er
ed
co
st
s
mo
re
th
an
th
e
ba
se
cas
e,
and
if
the
di
ff
er
en
ce
s
are
po
si
ti
ve
,
th
e
ba
se
ca
se
co
st
s
mo
re
th
an
th
e
al
te
rn
at
e
pla
n.
Ex
ec
ut
io
n
of
"G
LC
OS
T"
au
to
ma
ti
ca
ll
y
ou
tp
ut
s
a
li
st
in
g
of
all
inp
ut
da
ta
and
th
e
su
mm
ar
y
cos
t
rep
ort
as
men
tio
ned
pre
vio
usl
y.
A
len
gth
ly
det
ail
ed
cos
t
rep
ort
is
als
o
gen
era
ted
and
sto
red
as
a f
ile
whi
ch
may
be
pri
nte
d
as
des
ire
d
by
the
use
r.
Thi
s
rep
ort
con
sis
ts
of
fiv
e
pag
es
for
eac
h
pla
n
inp
ut.
The
se
rep
ort
s
pri
nt
cos
t
bre
akd
own
s
by
rou
te
and
mon
th
or
by
ves
sel
cla
ss
and
mon
th
or
as
inp
ut
by
rou
te.
It
als
o p
rin
ts
the
num
ber
of
ves
sel
s r
equ
ire
d b
y c
las
s a
nd
mon
th
or by route and month.
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EV
EL
S
(
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EZ
I
Ta
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5=
IM
PU
Tr
TA
P5
6=
OU
TP
UT
.T
AP
E1
1.
TA
PE
12
.T
AP
E1
3,
TA
95
14
.T
AP
E1
S,
TA
PE
1b
,T
AP
E1
7.
TA
PE
18
pT
AP
E1
9uT
AP
E2
0yT
AP
E2
1:
TA
PE
ZZ
IT
AP
E23
,
TA
PE
ZJ
,T
AP
E2
5,
TA
PE
26
,T
AP
E2
7,
TA
PE
28
,T
AP
E2
9,
TA
PE
30
:T
AP
ES
I,
TA
PE
32
:f
AP
E3
3p
TA
PE
34
;T
AP
E3
§,
TA
P6
36
,T
AP
E3
7,
TA
PE
38
,T
APE
39
,T
AP
EQ
Q)
CRIrICAL DEPTHS - dale - 724F302}
08 JUL 1975
T
H
I
S
P
R
O
G
R
A
M
WA
S
A
C
Q
U
I
R
E
D
F
R
D
W
6.
0.
L
A
R
S
E
N
,
MO
DI
FI
ED
AN
D
RU
N
IN
19
80
BY
8.
HE
CK
MA
w.
NC
D
DETROIT DISTRICT
ADP CENTER
MUT
E
-
wIT
HIN
THI
S
PRO
GRA
M
THE
DRD
EP
OF
THE
LAK
ES
IS
CHA
NGE
D
TO
SUPERIOR = 1
N
I
C
H
I
G
A
N
-
H
U
R
U
N
:
2
tRIE = 3
UNTAQIU = Q
TH
E
“U
VE
RI
CA
L
OR
DE
R
OF
TH
E
LA
KE
S
IN
PU
T
IS
ONTARIO = 1
ERIE = 2
MICHIGAN-HURON = 3
S
U
P
E
R
I
O
R
:
a
.
IT
IT
LE
(2
6)
'
83
(1
2)
IH
SC
IE
):
ES
(1
2‘
:U
S(
12
)a
IS
S(
1?
)a
IM
S(
12
)
TES(12).IUS(12),DATA(93
DIMEwSIcw
DIMENSIUN
S
T
A
R
T
(
I
F
P
p
U
G
R
A
W
T
H
I
S
S
F
f
T
I
H
N
L
A
K
E
H
U
M
F
‘
E
R
S
A
S
D
t
S
C
Q
I
R
E
D
A
B
D
V
E
A
N
”
E
X
T
D
A
F
T
R
Om
LY
IH
E
IN
PU
T
R
E
C
O
R
D
S
FO
R
L
A
K
E
S
1-
u
AN
D
YE
AR
S
1
9
0
0
-
1
9
7
6
(5,2010)
REAU TUIAL MUwqﬁR
RtAD (€,*J ITAPt
NTAPE=1H
ru¥=1n+1TAPE
waxlwum HF 30 FILES CAM
IF (xIAFE ,GE. MAX) GO TC
mTAVr:wrawE+1
Riv1*mrlthDE
ngtuu a
MYR=1977
MM:77
READ TLTLE CARD
RFAH (hTAPF,IU) {TITLE
nprxr (2,10) 1T1TLF
REAR OATA
READ (N{APE,R ) QATA.HU”,“YR
Fugmaw (oxu,?x,11,1x.la)
IF(EOF(NTAPL)) 18: 9
IF (Mum .GT. a) so TO 5
IF (NYR .GE. MYR) GO T0 5
1? (MY? .LT. 1900) GO T0 5
IF (MUM .LT. 1) Nule
GO TO (11,12,13yid),NU“
NUM=U
GU TD 15
NUM:3
GO T0 15
NUM=2
GU T0 15
HF
F
I
L
E
S
T0
RE
P
R
U
C
E
S
S
E
D
IN
TH
IS
RU
N
RE
CH
AN
GF
D
IM
nu
s
RU
M
OF
TH
IS
PR
OG
RA
M
231
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 7
3
0
0
.
”
)
n
o
n
n
n
n
n
1”
15
1Q
21
51
51
33
5d
180
230
MU“:1
WKITF (2,8)
GU TD <
FNDFTLF P
Rf IWT a
wtwtnh mTAPt
DATA,NUM,HYH
FIL
ES
nus
SUQ
TFD
HY
YEA
R
AND
THE
N
HY
LAK
F,
THU
S
THE
DAT
A
rnu
ALL
FUNK
LAKES
IS
TUGETHEH
FOR
EACH
YtA”
(1.“. 1,1900 Tutu 2,1900 THEN 1,190U
5‘5Gw1(au)
arr1L5("SORT","CUDED"IZI"REW1ND")
stFILE("UUTPUT","CUDFD": 2 r"RtWI““">
S”KFY (77'1IQIOIHDISPLAYH)
CALL sthyt78,1,1,0."hISPLAY")
FALL S L“”
9t“1‘v 2
READ r 9 ,1v) TIITLt
wRIrF («14”L'10) [TITLF
THFN 0,1900 THE:h I 1901
FALL
CALL
CALL
CALL
RFDEAD ALL LAKF VALUES PPR
Ivnz1900
Itpﬁzu
WHITE
FURNAT
" PF
DU 21h
WRAP ( 3
IF (PL“
WRITF
FuPMAT
I:Qw=1
HEAD ( a
[F (huh
aper
TERH=1
Nth: ( 2 ,910) ESer“,JYR
IF (NLN .tm, 5 ,Awh. JYR
‘J'HITE ((3051) ESINU‘MIJYP
IEPF=1
wgnu ( 2 .910) US,NU“,JYR
IF (ML .tC. H .AND. JYR
u
w
I
I
F
(
b
I
S
1
)
D
S
a
N
U
N
r
J
Y
R
IFPH=1
IF (IEPP
UNE YEAR AT A TIFF
(h.a011) ITlTLE
(//" PAIA ERRORS -
UWQFR UR LAHELLED
vm:1,mw
.RIOJ SS.NU4,JYR
,rn, 1 .AND. JYR
(6.81) 89,NU”,JYR
(2x.12Fb.?.2x,I1,1x.Iﬂ)
VALUES hAY 0E
INCURPECTLY"/)
MISSING OR UHT":
.EU. 1Y9) GU TL 31
,R10) HS,MUM,JVR
.H‘. a .AND. W
(C,H1} HS,~U“,JYP
.FU. IYR) 60 Tu 32
.EQ. TVR) GD TU 33
.F0. 1Y9) GO To 3“
.FG. 1) GO TO 210
PM
CALL
CALL
jﬂﬁ
EFL”U
Rﬁu"h
CALL hﬂL”D
CALL RPUNH
(UNITnLt
J=1,12
(SS(J)*JUO.:ISS(J)J
(“8(J)*100.IIVS(J))
(FS(JJ*1UO.aIES(J))
(ﬂS(J)*100..IUS(JT)
P
A
L
C
V
L
A
T
F
T
H
F
A
D
J
U
S
T
M
E
h
T
1
0
T
H
E
L
a
w
THE 10 90u153,
T
H
E
S
F
1
0
R
a
n
E
S
C
U
N
S
I
S
T
m
y
3
,
M”'Er MH‘E’UIE'U.
CAIL CP1D€D (NTAPE: Iss. Iva,
IYR=IYR+1
CIIBITrJ}E
WATER DATUM FOR EACH CF
NH, E, 0, S-MH, S'T’H-E' S-F‘H'E-O'
IES, IDS, IYP )
.D-116
ETD
 
 n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
(
'
1
a
n
a
n
n
o
n
o
n
ENDFILE NTAPE
REWIND NTAPE
 
GO TO 1
2
3
1
W
R
I
T
E
(
6
:
2
0
0
0
)
STOP
FORMAT STATEMENTS
1
0
F
U
R
N
A
T
(
Z
b
A
S
)
5
1
0
F
O
R
M
A
T
1
1
2
F
b
.
0
:
2
X
1
1
1
:
1
X
:
I
ﬂ
)
2
0
0
0
F
O
R
M
A
T
(
1
H
1
)
2
0
1
0
F
O
R
M
A
T
(
1
H
1
r
1
0
X
p
"
C
R
I
T
I
C
A
L
v
D
E
P
T
H
S
-
“
8
1
2
-
7
2
H
F
3
0
2
3
"
)
2
0
1
1
F
O
R
M
A
T
(
1
1
X
:
2
6
A
3
/
)
END
Su
Bk
UU
Tl
NE
CR
TD
EP
(N
TA
PE
I
18
$.
IN
S.
1E
8,
ID
S,
IY
K
)
08 JUL 1978
PURPOSE -
C
O
M
P
U
T
E
C
R
I
T
I
C
A
L
D
E
P
T
H
DE
SC
RI
PT
IO
N
OF
PA
RA
ME
TE
RS
-
I
S
S
-
S
U
P
E
R
I
O
R
E
L
E
V
A
T
I
U
h
S
I
N
S
-
M
I
C
H
I
G
A
N
-
H
U
R
U
F
E
L
E
V
A
T
I
O
N
S
I
E
S
-
E
R
I
E
E
L
E
V
A
T
I
O
N
S
'
I
O
S
-
O
N
T
A
R
I
Q
E
L
E
V
A
T
I
O
N
S
I
Y
R
-
B
E
G
I
N
I
N
G
Y
E
A
R
F
O
R
P
E
R
I
O
D
REMARKS -
I
S
S
I
N
S
I
F
S
I
U
S
M
U
S
T
B
E
D
I
M
E
N
S
I
O
N
E
U
1
2
I
N
C
A
L
L
I
N
G
P
R
O
G
R
A
M
D
I
M
E
N
S
I
O
N
1
5
5
(
1
)
.
I
M
S
(
1
)
:
I
E
S
(
1
)
:
1
0
8
(
1
)
,
L
w
0
(
4
)
r
1
0
(
4
)
.
1
8
(
6
)
L
O
W
W
E
T
E
P
D
A
T
U
M
F
D
R
S
U
P
M
-
H
E
R
E
O
N
T
L
w
D
(
1
)
=
6
0
0
0
0
LthE) = 57680
LWD(3) = 56860
L
m
D
I
H
)
=
2
0
2
5
0
V
A
R
I
A
T
I
O
N
F
R
O
”
L
O
W
W
A
T
E
P
D
A
T
U
”
DU 80 J=1I12
1
0
(
1
)
=
I
S
S
(
J
)
-
L
W
D
(
1
)
1
0
(
2
)
=
I
M
S
(
J
)
-
L
W
D
(
2
)
1
0
(
3
)
=
I
E
S
(
J
)
-
L
W
D
(
5
)
1
0
!
“
)
=
I
O
S
(
J
)
-
L
w
o
t
u
)
DU 19 h=1rb
GO
TC
(
2
1
r
2
2
l
2
3
r
2
u
'
2
5
I
2
6
)
l
N
21 L=1
M=2
GD TD 30
22 L=1
M=3
GD TD 30
23 L=1
Mad
GO TO 30
2
“
L
3
3
0
—
1
1
7
 
 n
a
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
25
26
30
50
51
DO
18
20
910
nu an KK=LIM
IF ( Isum-(IDIKK)+2000))
CONTINUE
GO T0 40
ISUN=ID(KK)+2000
COMTIAUE
50751151
IBTN)=TSUM-2000
CONTIKUE
JJ=J
WRITE (nTAPtp910)
CUNTIAUE
JJIIYRIIDIIB
RETURR
FORMAT STATEMENTS
FURNAT (7XIBIIQ.17X;IOIS)
Fmﬁ
SURHULTINE ROUND ( A; IA J
01 FEB 1974
PURPﬂSF -
ROLND FLOATING POINT NUMBERS
USAGE -
CA
LL
R
O
U
N
D
(
A,
1A
)
DESCRIPTION UF PARAMETFRS -
A - INPUT FLOATING POINT NUMBER
1A - OUTPUT FIXED POINT NUMBER
REMARKS -
FUKCTIUN WRITTEN BY G U LARSEN, DETROIT DISTRICT
FORTRAN a
PRECISION UP A1 A2 A3 18 NUNBER OF COMPUTER WORD
SIGNIFICANT UECINAL DIGITS
SUBRULTINES AND FUNCTION SUBPROGRAMS REQUIRED -
SIGN TABS INT
METHOD -
US LAKE SURVEY METHOD
DATA A1/0.ﬂ999999999991/I A2/0.0000000000018/r
FLOATING POINT
A3/0.5000000000009/
XPDUND (A)=A+SIGN (A1+IABS ( INT (A)-2*( INT (A)/2))*A2:A+A3)
I
A
=
x
p
u
u
m
n
(
A
)
D-118
  
  
RETURN
END
 
0-119
 :1
1
:l
 
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
o
P
m
X
H
M
I
J
H
J
D
S
T
K
I
N
P
U
T
.
D
H
T
P
H
T
,
I
A
P
E
S
=
I
N
P
U
T
,
T
A
P
E
6
=
0
U
T
P
U
T
p
T
A
P
E
7
:
1
‘
T
A
P
F
L
P
L
I
A
P
f
l
z
.
T
A
P
E
1
3
,
T
A
P
F
1
4
,
T
A
P
E
t
S
I
T
A
P
E
i
b
.
T
A
P
E
1
7
.
T
A
P
6
1
8
:
2
T
A
P
E
1
9
,
T
A
P
E
2
0
,
T
A
P
E
2
1
,
T
A
P
E
a
z
.
T
A
P
E
Z
3
.
T
A
P
L
2
4
,
T
A
P
E
2
5
.
T
A
PE
2
6
.
3
T
A
P
E
2
7
,
T
A
P
E
2
8
,
T
A
P
E
Z
9
,
T
A
P
E
3
0
,
T
A
P
E
3
1
,
T
A
P
E
S
B
I
T
A
P
E
3
3
.
T
A
P
E
3
4
.
a
T
A
P
E
K
S
.
T
A
P
E
3
6
,
T
A
P
E
3
7
,
T
A
P
E
3
8
,
T
A
P
E
3
9
,
T
A
P
E
u
0
r
T
A
P
E
3
)
*
*
*
t
*
‘
*
R
E
G
U
L
A
T
I
O
N
O
F
G
R
E
A
T
L
A
K
E
S
W
A
T
E
R
L
E
V
E
L
S
*
*
*
*
*
*
*
U
S
E
D
BY
T
H
E
I
N
T
E
R
N
A
T
I
O
N
A
L
G
R
E
A
T
L
A
K
E
S
L
E
V
E
L
S
B
O
A
R
D
F
O
R
R
E
P
O
R
T
TO
T
H
E
I
N
T
E
R
N
A
T
I
O
N
A
L
J
O
I
N
T
C
O
M
M
I
S
S
I
O
N
T
H
I
S
P
R
O
G
R
A
M
C
A
L
C
U
L
A
T
E
S
T
H
E
T
R
A
N
S
P
O
R
T
A
T
I
Q
A
C
O
S
T
S
(
I
N
M
I
L
L
I
O
N
S
O
F
D
O
L
L
A
R
S
)
H
F
C
O
M
M
E
R
C
I
A
L
N
A
V
I
G
A
T
I
O
N
F
O
R
U
.
S
.
A
N
D
C
A
N
A
D
I
A
N
F
L
E
E
T
S
HY
C
U
W
M
O
D
I
T
Y
I
M
U
N
T
H
,
T
R
A
F
F
I
C
R
O
U
T
E
,
A
N
D
V
E
S
S
E
L
C
L
A
S
S
.
ON
E
FU
N
P
R
O
D
U
C
E
S
C
O
S
T
F
I
G
U
R
E
S
FO
R
A
BA
SE
C
A
S
E
(T
HE
F
I
R
S
T
F
I
L
E
S
P
F
C
T
F
I
E
R
J
A
N
D
T
H
E
C
O
S
T
D
I
F
F
E
R
E
N
C
E
S
B
E
T
W
E
E
N
T
H
E
B
A
S
E
C
A
S
E
A
N
D
V
A
R
I
O
U
S
A
L
T
E
R
N
A
T
I
V
E
P
L
A
N
S
U
N
D
E
R
C
O
N
S
I
D
E
R
A
T
I
O
N
.
IT
I
S
U
S
E
D
T
n
A
H
A
L
Y
Z
E
T
H
E
E
F
F
E
C
T
S
O
F
W
A
T
E
R
L
E
V
E
L
R
E
G
U
L
A
T
I
O
N
ON
TH
E
CO
ST
S
OF
TR
AN
SP
OR
TI
NG
SE
LE
CT
ED
CO
”M
DD
IT
IE
S
ON
TH
E
GREAT LAKES.
pn
ou
ua
v
OR
IG
IN
AL
LY
nR
IT
TE
N
RY
TH
E
BU
RE
AU
OF
MI
NE
S
E
x
T
E
N
S
I
V
F
L
Y
M
O
D
I
F
I
E
D
BY
T
H
E
H
.
S
.
A
D
W
Y
C
O
R
P
S
0F
E
N
G
I
N
E
E
R
S
,
HQR
TH
CEN
TRA
L
DIV
ISI
ON
ADP
CEN
TER
(SH
ARO
N
HEC
KMA
N)
198
0.
ThTEGER n
C
U
M
M
P
A
/
n
n
t
m
l
1
,
M
,
L
CU
MW
PN
/C
T”
P/
AR
RA
Y(
12
.7
7,
10
)
CG
MA
PR
/
CO
UN
TR
Y/
CO
UN
TR
Y(
2)
C
U
M
M
D
F
/
C
N
M
C
L
S
/
N
M
C
L
A
S
(
1
1
)
COMM“? / CMMCLS/ MMCLAS(11)
CU
MM
OR
/N
CD
%/
NP
G,
DP
T,
NC
A(
2,
§)
,N
FH
T2
,S
):
IT
J(
10
)
CU
MH
HM
/M
CD
M/
“O
N(
13
),
IT
I(
10
)
PUMMnh ICSLR/ SLP(12r11)
CU
MN
CA
IN
SA
VE
/
SA
VE
(3
0.
B)
DIMENSION ACC(1S,S),HVC(11),CTS(12.12) pTITLE(30)
DI
ME
NS
IC
N
PE
PC
T(
3)
IT
LU
(1
1)
,V
PT
(1
1)
DI
MF
NS
ID
N
V
S
C
(
1
1
)
p
V
C
H
(
1
1
)
,
V
T
N
(
2
4
)
,
V
P
C
(
3
3
)
p
R
T
F
(
1
1
)
,
I
D
A
T
A
(
6
)
DI
ME
NS
IO
N
CT
0(
lS
pS
),
AT
L(
15
:5
).
IN
KD
DE
C1
1)
,S
CT
D(
1S
:S
)
C
O
N
N
O
R
I
C
V
L
A
/
V
L
A
(
1
2
)
COMMON /CXU/ X0 (11, 10)
CONNOR /CVLB/ VLB (11)
CUNNHk /CVLC/ VLC ( 11)
CUMUON /CVCP/ VCP (11)
connm /CHRRTE/ HRRTE (10, 12)
common /V8C/VBC(12r12)
CUMNUN /TUT/TUT(12r12)
cmmmnh /TIME/ ITIME.BA3E1(15.5).BASE2(10a123:8A353flor12’v
1
RA
SF
A(
10
,1
2)
,B
AS
E5
(1
0.
12
)'
BA
SE
b(
12
.1
2)
.B
AS
E7
(1
0.
12
):
2 BASES(12,12)
D
I
M
E
N
S
I
O
N
E
Y
P
(
1
0
,
1
2
)
:
S
H
P
(
1
0
,
1
2
)
DI
”E
NS
IU
N
RE
M(
10
,1
2)
,
SM
E(
10
,1
2)
CA
NA
DI
AN
VE
SS
EL
CL
AS
SE
S
0-
12
0
 
  
DATA NMCLAS/EHI a2“? :2H3 .2Ha :2H5 rZHb '2H7 IZHB r
1 2H9 ,PH10: 2H1: /
c U.S. VESSEL CLASSES
DAT
A
NMC
LAS
/2H
5
,2H
6
,2H
6W,
2H7
.2H
7WI
RHB
.ZH
BA,
2H8
n,
1 2H9 .2H10I2H11/
DAT
A N
ON
/ A
HJA
N ,
AHF
ER
,AH
MAR
,AH
APR
,AH
MAY
,AH
JDN
E,4
HJU
LY,
1 uHAUG ,AHSEP ,AHOCT ,AHNOV ,AHDEC ISHTUTAL /
c U.S. LAKE NAMES
DATA NCA /6HSUPERIr 6HOR US: bHMICHIG' 6HAN usprHURDN ,
1 6H us, bHERIE 1 6H US; 6HDNTARI: 6H0 US /
C
CA
NA
DI
AN
LA
KE
NA
ME
S
DATA
NCB
/6H
SUP
ERI
: 6
HUR
CAN:
6HM
ICH
IGI
6HA
N C
AN.
bHH
URO
N .
1 6H CAN: 6HERIE .AH CAN, bHDNTART, 6H0 CAN/
C .
DA
TA
IL
A,
IE
X,
II
M,
IT
O/
BH
DO
HE
ST
IC
,
BH
EX
PO
RT
,8
HI
MP
OR
T
,
1 BHTDTAL /
DA
TA
CO
UN
TP
Y/
3H
US
,
SH
CA
N
/
C INPUT CODES
DA
TA
IN
KU
DE
/3
HC
AP
I3
HD
RA
I3
HI
MM
I3
HS
PE
I3
HC
OS
.3
HC
LA
.
SH
MD
N.
3H
RO
U,
1 SHUNL, 3HL0Aa 3HTON /
DAT
A
hNU
HTH
,
NDV
SCL
,
NDY
EAR
,
HRD
UTF
/ 1
2.
11.
77:
10/
c .
PERCT(3)=1.0
DD 5 I=1p30
DU 5 J=118
S SAVF(I:J)=0.
C'
SP
EC
IF
Y
TH
F
NU
.
HF
wA
TF
R
LE
VE
L
FI
LE
S
TD
Rt
PP
DC
ES
SE
D
c (Ex, BASE CASF + S ALTERNATIVE PLANS = 6 FILES)
‘uREAD (S,*) NTAPE
C
-P
EA
D
A
SH
OR
T
(1
0
CH
AR
AC
TE
RS
UR
LF
SS
)
TI
TL
E
FO
R
EA
CH
FI
LE
.
5 THTS “ILL ONLY BE USED FOR IDENTIFICATION IN THE SUMMARY REPORTS.
DU 6 I=1'NTAPE
~-READ (5,9) TITLE(1)
9 FORMAT (A10)
8 CONTINUL
ICRUP=1
C
PR
OG
RA
M
{5
PR
ES
EN
TL
Y
WR
IT
TE
N
TO
RU
N
A
MA
XI
MU
M
0F
30
WA
TE
R
c LEVEL FILES (TAPE)! T0 TAPEAOJ
TF (“TAPE .LF. 30) GO TO 3
MRIIE(6,920) NTAPE
92
0
FU
RV
AT
LP
X,
"I
NP
UT
ER
RO
R-
MA
X.
NO
.
OF
PL
AN
S
IS
30
“/
2X
;
1 ‘"YUH TNPUT",IQ)
2 ISHAL=F
TCROP=TCRUP+1
3 IEQHDR=H
ITIVE=0
DO 165 I = 1: NOVSCL
DO 162 J=1,NMDNTH
162 CTS ( J,I ) = 0.0
ch I I ) = 0.0
165 CONTINUE
DU 170 I = 1: NRDUTE
DD 170 J = 1, NMONTH
HRRTE (I. J) = 0.0
EYP(I.J) =D.0
=Ooo
REM(I,J) =0.0
170 SMF(I,J) =0.0
no 175 I = 1, NOVSCL
DO
17
5
J
=
1r
NR
UU
TE
p-
12
1
 17s
30
c
c
c
c
1000
c
c
c
c
c
31
c
c
39
1001
an
1002
as
c
c
51
c
c
52
c
c
53
c
c
5a
c
c
55
c
c
c
c
XE (I: J) = 0.0
CUVTTDIW
TF
(
T
S
H
A
T
.
5
0
,
1)
a
n
I
n
1
5
0
00 30 I=1;15
DD 30 J=1'5
CTQ(I,J)=0.
A
T
L
(
T
,
J
)
=
0
,
ACC(I,J)=0.
SCTO(I:J)=0.
CONTIAUF
T
I
T
L
E
C
A
R
D
-
M
A
Y
S
P
E
C
I
F
Y
C
O
U
N
T
R
X
,
C
O
M
M
O
D
I
T
Y
,
Y
E
A
R
,
D
A
T
E
,
E
T
C
.
TH
IS
TN
FQ
RM
AT
IU
N
WI
LL
BE
PR
IN
TE
D
AS
PA
RT
OF
TH
E
PA
GE
HE
AD
IN
G
(MAXIMUM 0F an CHARACTERS)
REAP (5,1000) TTI
IF (FOF(S)) A01:31
FUPNAT (IOAS)
YE
AR
,
“R
E
P
D
R
A
F
T
,
S
H
A
L
L
O
W
DR
AF
T,
AN
D
P
E
R
C
E
N
T
A
G
E
OF
C
A
R
G
O
C
A
R
R
I
E
D
IN
“
.
8
.
S
H
I
P
S
F
U
R
E
X
P
O
R
T
S
A
N
D
I
M
P
O
R
T
S
A
L
3
0
E
N
T
F
R
A
0
F
O
R
A
U
.
S
.
R
U
N
O
R
A
1
F
O
R
A
C
A
N
A
D
I
A
N
R
U
N
R
E
A
D
(
€
,
*
)
T
Y
R
.
H
P
D
I
S
H
B
D
,
P
E
R
C
T
(
1
)
,
P
F
R
C
T
(
2
)
,
I
C
D
U
N
HDP:HEP—1.S
p
E
A
D
I
D
E
N
T
T
F
I
E
R
0F
T
Y
P
E
“F
D
A
T
A
T
H
A
T
IS
TO
F
O
L
L
O
W
CA
9,
DP
A,
IN
M,
SP
E,
CO
S,
CL
A,
NO
N,
RO
U,
UN
L,
LD
A;
0R
TO
N
READ (8,1001) KOBE
FUPFAT (A3)
an an T=1,11
T
F
(
K
C
D
E
.
F
Q
.
I
N
K
U
D
E
(
I
)
)
G
0
T
U
A
S
CDNTIWHE
w
P
I
T
F
(
6
,
1
0
0
2
)
K
O
B
E
FO
RM
AT
(1
X,
"I
NP
UT
ER
RO
R-
DA
TA
LA
BE
L
",
A3
."
IS
NO
T
VA
LI
D"
)
IERRUR:1
no Th 30
GO
Tn
(S
1,
52
.S
3,
9A
19
5.
§6
r5
7,
58
.5
9,
60
,9
6)
1
CA
P
—
wa
x
DE
SI
GN
ED
CA
RG
O
CA
PA
CI
TY
(N
ET
Tn
NS
)
FO
R
EA
CH
VE
SS
EL
CL
AS
S
INPUT 11 VALUES
D
E
A
D
(
S
,
*
)
V
C
P
an Tn 39
nR
A
-
DR
AF
T
AT
MA
XI
MU
M
CA
RG
O
CA
PA
CI
TY
(F
T.
)
FO
P
EA
CH
VE
SS
EL
CL
AS
S
INPUT 11 VALUES
READ (<y*) VLC
GD TO 39
TM
“
-
NE
T
CA
PA
CI
TY
/F
T.
OF
IM
ME
RS
ID
N
IN
EX
CE
SS
OF
18
FT
.
(T
ON
S)
INPUT 11 VALUES
REAn (§,*) vLa
GO TO 39
SP
F
-
VE
SS
EL
SP
EF
D
IN
VI
LE
S/
HU
UP
FO
R
EA
CH
VE
SS
EL
CL
AS
S
INPUT 11 VALUES
PEAD (S.*) VSC
GO TU 39
CB
S
-
VE
SS
EL
DP
ER
AT
IN
G
CD
ST
PE
R
HO
UR
(D
OL
LA
RS
)
FO
R
EA
CH
VE
SS
EL
CL
AS
S
INPUT 11 VALUES
READ (S.*) VCH
GO TH 39
CL
A
-
PE
RC
FN
TA
GE
0F
AM
NU
AL
SH
IP
ME
NT
BY
CL
AS
S
“8
DA
TA
~F
IP
ST
11
VA
LU
ES
FO
R
RO
UT
ES
TH
AT
DO
NO
T
US
E
ON
TA
RI
O
0R
SL
8
SE
CO
ND
11
VA
LU
ES
AQ
Ed
wE
D'
FD
R
SH
AL
LU
W
DR
AF
T
HA
RB
OR
S
AN
D
D-122
 
 n
n
n
n
n
n
n
n
n
n
n
o
n
n
n
n
56
61
63
60
65
S7
46
62
A9
A7
58
59
 
ROUTES USING LAKE ONTARIO UR SLS
TOTAL OF 22 VALUES INPUT FOR U.S. RUNS
CA
NA
DI
AN
DA
TA
-F
IR
ST
11
VA
LU
ES
ARE
DI
ST
RI
BU
TI
ON
BY
CL
AS
S
FO
R
DUMESTIC TOUNAGE
~3E
CON
O
11
VAL
UES
ARE
DIS
TRI
BUT
ION
BY
CLA
SS
FOR
CANADIAN IMPORT TUNNAGE
VA
LU
ES
AR
E
DI
ST
RI
BU
TI
ON
BY
CL
AS
S
FO
R
CANADIAN EXPORT TONNAGE
TOTAL OF 33 VALUES INPUT FOR CANADIAN RUNS
-THIRD 11
1:1
T1=I+1n
RE
AD
(S
,*
)
(V
PC
(I
V)
,I
V=
I,
II
)
THE
SUM
OF
EAC
H
11
PER
CEN
TAG
FS
INP
UT
MUS
T
TOT
AL
100
.
VSUM=0
DO 63 J=I,II
vsum=VSUN+VPCIJ)
VPCIJ)=VPC(J)/100.
CONTINUE
IF
3U“
I
OF
PE
RC
FN
TA
GE
S
DO
ES
NO
T
EQ
UA
L
10
0%
,
PR
IN
T
ER
RO
R
ME
SS
AG
E
IF
(V
SU
N
,L
T,
10
0,
01
.A
ND
.
VS
UM
.G
T.
99
.9
9)
GO
TO
65
WRITF (6:69) VSUM .
FO
RM
AT
(1
x,
"I
NP
UT
ER
RO
R-
SU
N
nF
PE
RC
EN
TA
GE
DI
ST
RI
BU
TI
ON
BY
CL
AS
S
IS
1 ",F6.1," AND SHOULD TOTAL 100')
IERQPF=I
I:T+11
IF (I .LT. 2‘) GO TO 61
IF
(T
CD
UN
.E
0.
0)
GO
TO
39
IF
(1
.L
T.
30
)
GO
TO
61
GO TO 39
NQ
N
—
PE
RC
EN
TA
GE
DI
ST
RI
BU
TI
UN
OF
TR
AF
FI
C
BY
MO
NT
H
FO
R
CA
NA
DI
AN
DA
TA
,
IN
PU
T
12
VA
LU
ES
FU
R
U.
S.
DA
TA
IN
PU
T
24
VA
LU
ES
TH
F‘
FI
RS
T
12
VA
LU
ES
WI
LL
BE
US
ED
FO
R
DE
EP
DR
AF
T
RU
NS
Th
F
SF
FO
MD
12
VA
LU
ES
WI
LL
BE
US
ED
FO
R
SH
AL
LO
W
DR
AF
T
RU
NS
I=1
II=I+11
READ (5,*) (VTM(IV)IIV=I:II)
VSUM=0
DU 62 J=I.TI
VSUR=VSUM+VTM(J)
VTM(J)=VTM(J)/100.
TF
SU
N
OF
PE
RC
EN
TA
GE
S
DO
ES
NO
T
EQ
UA
L
10
0%
,
PR
IN
T
ER
RO
R
ME
SS
AG
E
IF
(V
SU
N
.L
T.
10
0.
01
.A
ND
.
VS
UM
.G
T.
9
9
.
9
9
)
GO
TO
07
WRITE (6.49) VSUM
FO
RM
AT
(1
x,
"I
NP
uT
ER
RO
R-
SU
N
OF
MO
NT
HL
Y
PE
RC
EN
TA
GE
DI
ST
RI
BU
TI
ON
”.
1
”
OF
TR
AF
FI
C
Is
",
F6
.1
,/
"A
ND
SH
OU
LD
TO
TA
L
10
0"
)
IERPOA=I
Y:T+12
IF
(I
CH
UN
.5
9.
1)
GO
TO
39
IF
(1
.L
T.
25
)
GO
TO
as
GO TO 39
RO
U
-
RO
UN
D
TR
IP
TI
ME
FA
CT
OR
BY
CL
AS
S
INPUT 11 VALUES
READ (S.*) RTF
GO TO 39
UN
L
-
UN
LO
AO
TI
ME
IN
HO
UR
S
BY
CL
AS
S
INPUT 11 VALUES
READ (S,*) TLU
D-123
,
,
 
no
n
n
n
n
n
n
n
60
20
21
96
97
98
101
102
103
Inn
149
G
O
O
“
  
GO TO 39 '
LD
A
-
SE
AS
ON
AL
LO
AD
LI
NE
LI
MI
TS
RE
AD
U
SE
TS
0F
VA
LU
ES
IN
SE
AS
ON
AL
OR
DE
R
OF
W
I
N
T
F
R
p
I
N
T
E
R
M
E
D
I
A
T
E
,
S
U
M
M
E
R
,
M
I
D
S
U
M
M
E
R
wT
NT
tP
CQ
NS
IS
TS
OF
JA
N,
FE
B,
MA
R,
NO
V,
AN
D
DE
C
IN
TE
RM
EP
IA
TE
IN
CL
UD
ES
AP
RI
L
AN
D
OC
TO
BE
R
S
U
M
V
E
R
M
O
N
T
H
S
A
R
E
M
A
Y
A
N
D
S
E
P
T
E
M
B
E
R
MT
DS
UM
ME
P
IN
CL
UD
ES
JU
NE
:
JU
LY
:
AN
D
AU
GU
ST
“0 2“ 1:3,6
penu (s,i)
CUNTIKHE
no 21 J:1,NOVSCL
SLR(1.J)=SLR(3pJ)
SL°(2,J)=SLR(3.J)
SLR(10,J)=SLP(H.J)
SLR(°,J)=SLR(5rJ)
SLR(7,J)=SLR(6.J)
9LQ(R.J)=SLP(61J)
SLR(11,J)=SLR(3:J)
SL9(12,J)=SL9(3,J)
GO TO 39
(SLR(IIJ)IJ=IINUVSCLJ
PRINT INPUT DATA
WRTTF(6,70°) ITI
IF
(
T
C
O
U
N
.5
0.
1)
Go
To
97
wRI
TF(
6,7
01)
IYR
,HB
D;S
HBD
,TC
OUN
,CD
UNT
RY(
ICU
UN+
1)I
PER
CT(
1),
PER
CT(
2)
WRITE (6:702) NMCLAS
GO Tn ca
wR
IT
E(
6,
70
1)
TY
R,
H8
0,
SH
BD
'I
CU
UN
.C
OU
NT
RY
(I
CO
UN
+1
),
PE
RcT
(2
),
PE
Rc
1(
1)
WRITF (6.702) MMCLAS
W
R
I
T
F
(
6
.
7
0
3
)
V
C
P
MRITE (6,70u) VLC
wRITF (6,705) VLQ
wRITF (5.706) VSC
VRTTE (6,707) VCH
IF
(
I
C
O
U
N
.
5
0
.
0)
G
0
WRITE (6.718) VPC
GU T" 102
WRTTF (6:708) (VPCCIV),IV=1,22)
WRITE (6,709) PTF
WRITE (6,710) TLU
WRITF (6,711)
WRITE (6:725) (SLR(3.J).J=1,NDVSCL)
WRITE (6.726) (5LR(0.J),J=1,NQVSCLJ
WR
IT
E
(6
,7
27
)
(S
LR
(S
:J
),
J=
1,
NO
VS
CL
)
WR
IT
E
(6
,7
28
)
(S
LR
(6
:J
J,
J=
1,
NO
VS
CL
)
IF
(
I
C
O
U
M
.
E
Q
.
1)
s
o
T
o
1
0
3
WR
IT
E
(b
.7
1u
)
(m
nm
(1
)r
1=
1,
12
).
VT
"
GO TO 10a
WR
IT
E
(6
,7
2u
)
(M
ON
CI
),
I=
1,
12
).
(V
TN
(I
)I
I=
1,
12
)
wRTTE (6'715)
00 1H9 RN=1,2
PERCT(NN)=9ERCT(NN)/100,
T0 101
TON - F09 THPEF DIFFERENT CATEGORIES (DOMESTIC. EXPORT: IMPORT)
READ ORIGIN, DESTINATION, TDMNAGE(IN 1000 OF TUNS)p MILEAGE,
AND DERCENTAGE OF SHIPNENT THAT GOES TO SHALLUW DRAFT HARBDRS
D-124
 
n
o
n
95
100
94
105
110
120
125
126
717
 
n
n
n
n
n
n
n
n
n
n
n
n
130
150
152
153
 
EXPORTS
IMPORTS =
READ (5,100) IDATA
IF (EOFtSJ) 150,9“
u.s.
U.S.
EXPORTS
: CANADIAN IMPORTS
IMPORTS =
CANADIAN EXPORTS
FQRMAT (6A10)
DECODE (60,1051IDATA) 11:12
FORMAT (2A1)
IF (11 .NE.
INDEX=0
GO TO 125
IF (11 .NE.
INDEX=10
GO TO 125
IF (11 .NE. IHE) GO TO 126
END INHICATES THE END OF TONNAGE DATA
WHEN THIS OCCURS, PROGRAM STARTS CALFULATING COSTS
IF (12 .F3. 1H“) GO TO 150
IF (12 .NE. 1HX) GO TO 126
INDEX=S
WRITE (6.716) IDATA
QEAD (9,100) IDATA
IF (EUF(<)3 150,126
DFCDDE (6*),130110ATA) IUOTDITDNIRMILEISHAL
IF
(
S
H
A
L
.L
T.
0
.
1
)
S
H
A
L
:
0
,
0
WRITE (6,717) ID,ID.TON;RMILE:SHAL ‘
FORMAT (0X,A1,9X,A1.6YIF10.1;1XIF10.1:SXIF10.1)
1H0) GO TO 110
1H1) GO TO 120
TRAN3LATF nRIGIN AND DESTINATICN INPUT LETTERS TO NUMERIC
SURSCRIPTS.
SUPERIOR = S = 1
MICHIGAN = M = 2
HURON = H z 3
ERIE = E = a
‘ ONTARIO = n = S _
F
I
R
S
T
S
U
R
S
C
R
I
P
T
M
A
Y
BE
1
'
1
9
R
A
T
H
E
R
T
H
A
N
1-
5
B
E
C
A
U
S
E
DOMESTIC = 1-5
U.3. EXPORTS = CANADIAN IMPORTS = 6-10
U,s, IMPORTS = CANADIAN EXPORTS = 11-15
'CALL FTNDIT(IO'ID:I'J)
IF (IO.EQ. O J IFRROR=1
SHAL=SHALI100.
DEEP DRAFT TONNAGE
CT“(I+INDEXIJ)=TUN *
SHALLUW DRAFT TUNNAGE
SCTU(I+I'\|DFXIJ)=TDN * 1000. *
ATL(I+INDEX:J)=RMILE
FORMAT (AIIIXIA1I3F1000)
GO TO 95
1000, * (1,-SHAL)
SHAL
IF (TERROR
IF (HBD .LT.
ITINE=ITTMF+1
DU 153 11:1115
DO 153 I2=1r5
ACCCII;IZ)=0.
DO 1:“ I1=111O
DO 154 IE=1r12
HRRTF(II:I2)=0.
SME(TI:12)=0.
.59. 1) GO TO 399
0.1) GO TO 392
D-125
V I
 
   
150
155
156
171
I7?
17“
r
a
h
18H
176
186
187
190
VCALL
.CAIL
SHP(I1:TZ)=0.
FYP(Tlr12)=0.
PEM(11,T2)=0.
DU 195 II=1r11
DU 155 12:1:12
CTS(72111)=0.
DU 156 11:1:11
DO 156 12:1:10
XU(11,12)=°.
TF
(Y
TT
AF
.G
T.
NT
AP
E)
GO
TO
39
9
Jﬁﬁwﬂﬁzu
R
E
A
D
W
A
T
E
R
L
F
V
E
L
D
A
T
A
.
uAV
TGA
BLE
CHA
NNE
L
DEP
THS
IN
THE
GRE
AT
LAK
ES
ARE
INP
UT
IN
RFLATIvE To THE LOW WATER DATUM INPUT
antlTIMEuJERRURrITJJ
.E0. 1) GO To 152
FEET
TF (JEQROR
NPG:O
77 YFAPS 0? DATA NERF
YRCC“:I./FLOAT(NUYFAR)
no 2R0 H=1,MMUNTH
DD 270 N:1,NDYFAR
“0 $70 L=1,mnVSCL
I
;
(
V
P
C
(
L
)
.
L
E
.
0
.
0
0
1
HRCGN:RTF(L)/VSC(L)
TV:U
IP=3
DD 260
IF (T
IF (I
CC TU
IP=1
Iv=11
CU TU
IP=2
IV=82
DH 260 J=1,5
TF (CTN(I.J)
USED 1“ STUDY AND REPORT OF 1980 (1900-1976)
.A
ND
.
VP
C(
L+
11
)
.LF
.
0.
00
1)
G0
Tn
27
0
1:1,13
.
E
Q
.
6
)
G
O
T
O
1
7
1
.E0. 11) GO TO 172
17“
I7“
o
L
E
.
.
0
1
)
G
O
T
O
2
6
0
DETEPWTRE pOHTF NUMBER AND DEPTH OF CHANNEL
RO
UT
FS
IN
CL
UH
IN
G
LA
KF
nN
TA
RI
ﬁ
U3
5
sA
mh
VA
LU
ES
4N
9
pR
QC
ED
Up
ES
FU
R
DE
EP
DQ
AF
T
RU
NS
AS
AR
E
US
ED
FU
R
AL
L
SH
AL
LO
W
DR
AF
T
CA
LC
UL
AT
IO
NS
IF (1COHN .50. 1) GD Tn 176
TF
(n
.E
Q.
a
.O
R.
n
.E
0.
7
.0
R.
0
.E
Q,
9
.U
R.
Q
.E
Q.
10
)
GO
TO
18
7
V
T
C
U
N
=
Y
Q
C
D
N
*
V
T
M
(
N
)
TRCU~=VPC(L)*VTCON*PERCT(IP)
IF
(V
AT
ER
-
VL
C(
L)
)
19
9,
18
3,
13
6
V
T
C
U
N
=
Y
P
C
U
M
*
V
T
M
(
N
)
TN
CU
A:
VP
C(
L+
TV
)
*
VT
CU
NA
PE
RC
T(
IP
)
TV
I“
-A
E.
4
.U
R.
0
.M
E.
7
.C
R.
0
.m
E.
9
.0
9.
n
.“F. 1°) GO TO 184
GO TO 19”
CADAC=VCP(L)
GU TO 189
VTCON=YRCDN*VTM(N+12)
TRCGN=VVF(L+11)tVTCUM*PEpCT(TP)
MAXIVbN DRAFT IN LAKE ONTARIO CANNUT 55 GREATER THAN 26 FT.
IF (WATER .GT. 26.) WATEP=26.
an 10 15a
D-126
  
 C VESSEL CAPACITY MUST RE ADJUSTED IF CHANNEL DEPTH IS LESS THAN
C MAXIMUM DFSIGMED VESSEL DRAFT.
188 CAPAC:VCP(L)‘(VLR(L)*(VLC(L)-WATER))
189 TRIP=CTD(I;J)*TRCOM/CAPAC
RMILES=TPIP*ATL(IIJ)
HDURS=QNILES*HRCON + TRIP*TLU(L)
C COST IS PRINTED IN MILLIONS OF DnLLARS
CUST=HnURS*VCH(L) /1“00000.
C ACCUMULATE TOTALS BY VARIOUS CATEGORIES
HVC(L)=HVC(L)+HDURS
HPPTE(O’N)=HPRTE(D;NJ+HUURS
CTS(N,L)=CTS(NIL)+CUST
ACC(I,J)=ACC(IIJ)+CUST
5
m
E
(
n
,
w
)
:
s
M
E
(
O
,
H
)
+
C
O
S
T
XﬂfL,D)=XU(L,U)+COST
IF (7-5) uno,a00.ulo
C TOTAL CDgT OF DUMESTIC SHIPMENTS
000 SHP(CpN)=SHP(0rM)+CUST
GU TC 260
u10 IF (I-lo) 420,020,u30
C TnTAl CUSY 0F EXPORT SHIPMENTS
ﬂan FYP(”,N)=EYP(U:N)+CUST
GU Tﬂ P60
C TOTAL COST DF IMPORT SHIPMENTS
asn QFM(O.N)=RFM(U:N)+CUST
I 260 COMTTFHE
270 CUMTTRUE
. CALL ~UV(N.ch.Ic0UN)
-CALL cvn(M.CTs,Icoum)
280 CDMTxmuE
IF-(TTTNF .E0. 1) so T0 281
COSTS FUR ALTERNATE PLANS ARF COMPARED TO BASE CASE COSTS
THE DIFFFRFNCES (BASE CASE - ALTERNATE PLAN) ARE PRINTED FOR
ALL TFF pLANS UNDER CONSIDERATION.
TnTAL COSTS ARE nMLY PRINTED FOR THE BASE CASE.
NEGATIVE DIFFERENCES INDICATE THAT THE ALTERNATE COSTS MORE THAN
THE RASE CASE.
POSITIVE DIFFERENCES INDICATE THAT THE BASE CASE COSTS MORE THAN
THF ALTERNATE.
n
n
n
n
n
n
n
n
n
n
DU 500 I=1,15
00 300 J=1pS
300 ACC(T.J)=RASEI(IaJ)-ACC(I.J)
DU 310 I=1.NRUUTE
D0 310 J=1'NMOMTH
SHP(I.J)=RASE2(I.J)-SHP(I,J)
FYP(IpJ3=8ASE3(IaJ)-EYP(IIJ)
QEM(I,J)=BASEM(I:J)-REM(I:J)
SME(I,J)=HASES(IpJ)-SME(T'J)
310 HRRTE(I,J)=8ASF7(I.J)-HRRTE(I'J)
DU 320 I=1,NDVSCL
D“ 320 J=1INMONTH
VBC(T:J)=RASE6(I:J)-VBC(I:J)
TUT(J.T):RASF8(JaI)-TDT(J:I)
320 CONTINUE
281 CALL HED(IYR,HBD)
.CALL PTA(ACCr 13.Ic0UN)
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II‘-i-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'llllllllllllllllllllii  
 CﬁLL HED(IYR;HBD)
I
F
(
I
C
U
H
N
)
2
8
2
r
2
8
2
9
2
8
Q
U.S. PRINTOUT SEQUENCE
2
8
2
W
R
I
T
E
(
7
I
2
0
0
0
)
C
O
U
N
T
R
Y
C
1
)
I
I
L
N
'
‘C
AL
L
SP
T(
SH
P,
TC
RO
P,
IT
IM
E,
IS
HA
L)
WRITE (7:730)
WR
IT
EC
71
20
00
)
CO
UN
TR
Y(
1)
II
EX
CA
LL
SP
T(
EY
PI
IC
RU
P'
IT
IM
EI
IS
HA
L)
CALL HFDCIYR,HBD)
WRITE(712000) COUNTRYC1)IIIM .
CA
LL
SP
T(
RE
M,
IC
RO
PI
IT
TM
E,
IS
HA
L)
GO
TO
28
9
.
CANADIAN PRINTOUT SEQUENCE
28
4
W
R
I
T
F
(
7
,
2
0
0
0
3
C
O
U
N
T
R
Y
(
2
)
I
I
L
W
CA
LL
S
P
T
(
S
p
r
I
C
P
D
P
,
I
T
I
M
E
,
I
S
H
A
L
)
WRTTE (7:730)
WR
IT
F(
7,
20
00
)
CO
UN
TR
Y(
2)
II
EX
CA
LL
99
T(
RE
”a
IC
PU
PI
IT
IM
E,
IS
HA
L)
C
A
L
L
H
E
D
(
T
Y
P
.
H
B
U
)
NRITE(7;2000) CDUNTRV(2):IIM
CALL SPT(EYP,ICRDPIITIMEIISHAL)
288 WRITE (7,730)
WR
IT
F(
7,
ZO
OU
)
CO
UN
TR
Y(
IC
OU
N+
1)
.I
TO
C
A
L
L
S
P
T
(
S
m
E
,
I
C
R
O
P
.
I
T
I
N
E
,
I
S
H
A
L
)
nnLL HEDCIYRpHBD)
rALL NDV( 13,HVC,ICOUN)
CALL HED(TYR,HBD)
w
R
I
T
E
(
7
,
2
0
0
0
)
C
U
U
N
T
R
V
(
I
C
P
U
N
+
1
)
.
I
T
0
CALL CVCC 13,CTS.ICUUN)
TF (ITIMF .HE. 1) Go To 152
SAVE THE TnTAL VALUES CALCULATED FOR THE BASE CASE
THE
SE
VAL
UES
wILL
BE
USE
D F
OR
COM
PAR
Ian
OF
ALT
ERN
ATE
PLA
NS.
no 610 1:1.19
no 610 J=1.5
61o BASE1(I,J)=ACC(I,J)
no bPO 1:1,NROUTE
DU (720 J:1,‘\WUNYH
RASEP(I,J)=SHP(I:J)
R
A
5
E
3
(
1
,
J
)
=
E
Y
P
(
I
.
J
)
anseu(I,J)=REm(I.J)
RASE9(T.J)=3ME(I.JJ
62
0
HA
SE
7(
I,
J)
=H
RR
TE
(1
.J
)
n
o
6
3
0
1
:
1
.
N
O
V
S
C
L
no 630 J=1,NMONTH
RARE6(I,J)=VRC(IIJ)
630 RASEA(J,I)=TDT(J:I)
G0 10 152
700 pgpmaT (1H1, SOX,"IMPUT DATA"//7Xp”TITLE CARD: "'10A8/3
701
FUR
NAT
(7X
,"Y
EAR
= "
.Ia
.3¥
."D
EEP
DRA
FT
DAT
UM=
",F
6.2
:"
FT.P
1 3y,"sHALan DRAFT DATUM=".F6.2," FT.”/7X:
1 "COUNTRY «,11," = ",A3,2X,"EXPORT PERCENTAGE: ".Fa.0:
g » IMPORT PEPCENTAGE= ".Fu.0/)
702 FORMAT ( 7X,"VESSEL CLASS":11X:A2:10(5XIA2)J
703 FORMAT ( 7x,"CAPAcITY (TONS)",7Xp11(F6.0,1X))
7ou FORMAT ( 7x,"npnF1 AT MAX CAPAC(FTI".ZX.11(Fa.1.SX))
I
D-128
 
ﬁ(
ﬁ
f
’
ﬁ
(
1
  
705
706
707
708
FORMAT
FOPNAT
( 7X,"TUNS/FT IMNFRSION",6X711(FS.O,2X))
( 7X,"AVERAGE SPEED(MPH)":6X:11(Fﬂ.1:3X))
FORMAT ( 7X,"0PERATING COST/HR (%)”v2X:11(FS.0,2X))
FDRNAT
(7x,"DISTRIBUTION
8V
CLASS":/a9X;
1 "ROUTES UN SIMIHIE"I“XI11(F5.ulzx)/9Xr
2 "ROUTES nu ONTARIO",ax.11(FS.u,2X))
70¢ FORMAT (/7X,"RDUND'TPIP TIME FACTOR",1X,11(FS.2,2X))
710 FORMAT ( 7x,"UNL0ADING TIME(HRSJ“.6X.11(F3.0.uX))
711 FORMAT C 7Y."SEASONAL LDAD LINE LIMITS")
71a FUPMAT (/7X,"DISTRIBUTIDN OF TRAFFIC BY MONTH"/
1 29X,1?(Aa,2X)/9X."PDUTES 0N SpMpHpE"r2X:12(FS.ua1X)/
2 9X,"RWUTES UN ONTARIU"I?X112(FS.aa1X))
FOFNuT (/17X,"ORIGIN DESTINATION TUNSF,
1 _" MILES SHALLOV DRAFT PERCENTAGE" )
716 FORWAT (7X,6510)
718 FOPNAT (7X,"DISTRIQUTIDL RY CLASS":/,9Xr
1 "FOP DOMESTIC USE",UX,11(F6.S:1X)/9X,
2 "HS EXP=CAN IMP",6Xp11(F6.511x)/9X;
3 "US INP=CAN EXP".6Xr11(Fb.S:1X))
724 FORMAT (/7X,"DISTRIRUTIUN HF TRAFFIC BY MONTH"/
1 29X,1?(AQ.2X)/12X:"ALL RUUTES",6X,12(F5.ﬂ'1X)/)
715
7?5 FUPVAT f9x,"JAN FEB MAR‘WV DEC".3X,11(FQ.1,3X))
726 FDPNAY (18X,"APR OCT", QY, 11(Fu.1,3x))
727 FHPMAT (15¥,"MAY SEPT",8X,11(FU.1,3X))
728
FDR
FAT
(12
X,"
JUN
E J
ULY
AUG
",6
X,1
1(F
4.1
,3X
))
730 FHRWAT (/I)
2000 FUQNRT(SXI 8HCOST 0F . A3,!X.A9, 9HSHIPMENTS ,2x.
1 "(IN MILLIUNS 0F DOLLARS)")
****
****
t***
****
***t
it*t
***t
****
*t**
t***
***k
****
****
****
****
****
***i
**
WAX. CF 0 DIFFERENT COMMODITIES MAY BE PROCESSED IN ONE RUN
(IROF ORE, CUAL; LIMESTUNE. AND GRAIN)
393 IF (ICPUP .GE. 0) GO TD 001
c0 T0 3
390 DO 395 19:1.NTAPE
IRW=TR+10
PEWIND 19w
39S CONTInUE
CALCULA1IONS FOR SHALLOW DRAFT INMEDIATELY FOLLOW DEEP DRAFT
CALCULATIONS FOR EACH COMMODITY
IF (TSHAL .E9. 1) 60 T0 393
392 TSHAL = 1
IF (SHPD .LT. 0.1) GO TO 2
HDP=SPRD~1.S
‘ HBD=SFBD
IF (TCPbN .EQ. 1) GO TO 396
00 b7 TI=1r11
b7 VPC(TI)=VPC(II+11)
DO 02 TI=1,12
VTM(II)=VTN(II+12)
DO 500 11:1;15
"0 500 IK=1p5
CTU(TI.IK)=SCTO(II:IK)
G0 T0 3
PRINT SUMMARY REPORT
wnIYE (b.4000)
WRITE (6,431) IYP
FURNAT (62X:Ia//)
wRITE (b.u40)
a2
396
500
“01
“31
0-129
 
   
 
n
n
n
n
aa
o
FU
RN
AT
(3
8X
,
"D
EE
P
DR
AF
T"
,3
6X
."
SH
AL
LO
W
DR
AF
T"
,2
2X
,"
TD
TA
L"
/
1
3X
,"
PL
AN
",
12
X,
"I
RO
N"
,8
X,
"C
OA
L"
.6
X,
"L
IM
ES
TO
NE
",
SX
:"
GR
AI
NF
2
.7
X.
"I
RO
N"
.8
X,
"C
UA
L“
.6
XI
"L
IM
ES
TO
NE
“,
SX
,V
GR
AI
N"
/)
DU #50 1:1.NTADE
TSAVF=C.
00 “AU J=1.8
auu TSAVE:TSAVF+SAVE(I:J)
WR
IT
F
(b
uﬂ
éO
)
TI
TL
E(
I)
,(
SA
VE
(I
,K
).
K=
1;
B)
,T
SA
VE
use CUNTTLUE
ue
n
FD
PN
AT
(3
X,
A1
0;
3X
;8
(F
10
.6
,2
X)
,2
X,
F1
2.
b/
)
noon
FOR
PAT
(//
1H1
,30
X,4
6HW
A1E
R L
EVE
LS
OF
THE
GRE
AT
LAK
ES-
-IN
TER
NAT
IDN
A
/L,11H JUINT COMMISSION SPECIAL STUDY, /,
/
Zﬂ
XI
SU
W
EF
FE
CT
OF
LA
KE
LE
VE
L
RE
GU
LA
TI
ON
--
,
/ 29HRY SUﬁCDMMITTEE 0N NAVIGATION: 37X 1/)
STOP
F’n
SURHGLTIWE mﬁvauHVC'ICDUN)
THTS
SHH
PRD
GRA
M C
U‘P
UTE
S T
HE
MuM
eER
0F
VES
SEL
S R
EQU
IRE
D R
Y C
LAS
S
F09 FACH MONTH.
CUMNUR /“C”M/ NPGIDPT,NCA(2'571NCR(2I5)IITJ(10)
CUVNﬂK /VBC/ VRC(12:12)
FO
VW
PR
/M
CQ
M/
MU
N
(1
3)
,
TT
T
(1
0)
CG
NV
Q”
/C
W”
CL
S/
NM
CL
AS
(‘
1)
CONNOR /cwanE/ HQRTF (30, 12)
CONVU" / CVWCLS/ MMCLAS(11)
DIMENSION HVP (11): HPM (123
NUMBER OF HQURS PER MONTH (JAM. - DEC.)
DA
TA
NM
QN
TH
,
HO
VS
CL
,
HR
UU
YE
/
12
,
11
,
10
/
“uT
ﬁ
PP
‘I7
1“.
.6
7?
.'
7”u
..
72
“.,
7ﬂu
.,
72
0.
,7
uu.
,7
aa
,,
72
0,
,7
uu,
,7
20
.,
1 7ﬂw./
IF(N-13) 100:120.140
100 DU 110 I=IIUDVSCL
VBC(I,H) = HVC(I) / HPV(F)
110 chtl) = 0.0
NUMBER OF VESSELS REQUIRED BY CLASS RY ROUTE
00 200 I = 1, MROUTE
HR
RT
E
(I
’M
)
—
HR
RT
E(
I,
N)
/
HP
M
(N
)
200 CONTINUE
PETUG’
120 IF (ICPuN ,En. 1) GO TO 122
WRYTF (7'2000) MMCLAS
GO TO 124
12? WRITE (7,2000) MMCLAS
12a 00 130 J=1,MM0NTH
WRITE (7.2010) MDN(J),(VBC(K,J).K=1.NOVSCL)
130 CONTIAUE
WRITE (7'3000)
3000 FORNA1(//1H ,15X,"NUMBER OF VESSELS REQUIRED
1 //1H ,FMONTH",BX,1HS,9X; ZHNH:
210x,1hE,10X,1HO,8X:GHS-MprxnéHS-MH-E,0Xp8HS-MH-E-Op
3§X(“HNH-EI6XI6HMH'E'QI8XI3HE'O/)
on 310 J = 1, MMUNTH
WRITF (713010) MQN(J)I (HRRTE(IIJ)I I = 1' NRUUTE)
3010 FOR~A1t 1h , 1x, Au, 10F11.4/)
310 CONTIKUE
(BY ROUTE) F
D-130
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n
n
n
 
RETUQP
100 WRITE (7,2020)
RETURN
20
00
FO
RM
A1
f1
H
,1
SX
,"
NU
MB
ER
0F
VE
SS
EL
S
RE
QU
IR
ED
(B
Y
VE
SS
EL
CL
AS
S)
".
//
1H
r3
ax
r”
VE
SS
EL
CL
AS
S"
//
1H
rﬂ
yo
NT
H"
a5
xr
A1
11
1(
BX
IA
ZJ
/J
20
10
FO
PM
AT
(1
H
.
1x
,
Au
.
12
F1
0.
4/
)
20
20
FO
RM
AT
f1
H1
,"
TH
E
VA
LU
E
FO
R
TH
E
“O
NT
”
IS
":
IS
:"
BU
T
SH
OU
LD
NU
T
EX
CE
ED
s
12
",
//
/)
"
END
S
U
R
P
a
n
1
0
{
C
V
C
(
w
,
C
T
s
,
1
c
U
u
w
)
W
N
TH
TS
SH
QP
RU
GR
AM
TO
TA
LS
AN
D
WR
IT
ES
TH
E
CO
ST
OF
TO
TA
L
SH
IP
ME
NT
S
RY
VESSEL CLASS BY MONTH
(12.12): TUTALtll)
IN
CO
H/
NP
GI
DP
Ty
NC
A(
2:
5)
pN
CR
(2
:5
)r
IT
Jf
lo
l
/Ucnw/ MON (13), ITT (10)
/cmwcLS/ NMCLAS (113
CUMNNK /CMMCLS/ MNCthtil)
COVNOA /TQT/ TDT(12,12)
DATA DSH/eH------/
DATA ANQNTH, NUVSCL / 12a
TF( 0 13) 100:120p160
D
U
1
0
2
I
S
:
1
,
N
D
V
S
C
L
T0T(5,IS)=O.
DU 110 1:1,NnvSCL
TO
T(
N,
I)
TU
T(
N;
I)
+
CT
S(
N,
I)
CTS(“,I) 0.0
ngTupn
TFL u
TF (ICFUN .EQ.
MRITE (7,2000)
GO T0 136
WRITE (7,2000) MMCLAS
DU 1A0 1:],NOVSCL
THTAL(I) 0.0
“D 150 J=IINVONTH
IF
(T
FL
.E
U.
0)
GO
T0
10
5
DC 102 IK=1,MUVSCL
CTS(J.IK)=TDT(J:IK)
WP
IT
F
(7
.2
01
0)
MO
N(
J)
,(
TU
TC
JI
IJ
):
IJ
=1
;N
OV
SC
L)
DU 190 I=1,NUVSCL
TUTAL(I) TOTALfl) + TDTtJ,I)
C
O
N
T
I
h
U
g
WRITE (7,2020) (DSH.I=1a21):TUTAL
PETUPF
TF
(N
l“
)
18
0:
17
OI
IB
O
IFL 9
GO TO 130
wRITE (712030) N
wETUPk
F090A1c1Ho,s3x,"VESSEL CLASS’IIIIH .
anwnT(1H0,1x,A0,11F11.b)
FO
RM
AT
(1
HO
II
XI
?1
Ab
;/
:1
H
nﬁ
Tﬂ
TA
L"
,1
1F
11
.6
)
Fu
nw
a1
(1
w1
,"
TH
E
VA
LU
E
FO
P
TH
E
MO
NT
H
IS
",
IS
.
$
12
".
//
/)
'
Ehn
SURRUUTINL
DIMENSTON
C D M N A:
cnwwnx
CUMNDr
CTS
11/
100
102
110
120
13
0
1)
GO
TO
13
2
NMCLAS
13?
134
100
142
1&5
150
160
170
180
2
0
0
0
"
M
O
N
T
H
"
,
U
X
,
A
2
;
1
1
(
9
X
p
b
2
l
/
3
2010
2020
20
30
"
BU
T
SH
OU
LD
NO
T
EX
CE
ED
HED(TYR;HBD)~
H
E
A
D
I
K
G
P
R
I
N
T
U
H
T
R
U
U
T
I
N
E
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G
O
O
1000
1010
100
110
120
130
200
210
220
COMMON
INCOM/
NPG,DPT,NCA(2,S),NCB(2,S),ITJ(10)
COMMON
/MCOM/
MON
(13),
IT!
(10)
NPG=NPG+ 1
WRITE (7.1000) NPG.ITI.IYR
WRITE (7:1010) ITJ'HBD
RETURN
F
O
R
M
A
T
(
a
7
H
1
w
A
T
E
R
L
E
V
E
L
S
OF
THE
G
R
E
A
T
L
A
K
E
S
-
-
I
N
T
E
R
N
A
T
I
U
N
A
L
,
/
31H
JOINT
COMMISSION
SPECIAL
STUDY,
/.
/ suH EFFECT OF LAKE LEVEL REGULATION--,
/
q
u
e
v
S
U
B
C
U
M
M
I
T
T
E
E
ON
N
A
V
I
G
A
T
I
O
N
,
37x.
S
H
P
A
G
E
.
IS,
//.
/
10x,
SOHCDST
ANALYSIS
OF
TRANSPORTATION
ON
THE
GREAT
LAKES.
/.
/ 10x. 10A8.Ie)_ -
F
O
R
M
A
T
(
1
H
,
1
0
A
8
,
/
,
1
H
,
1
6
X
,
"
H
A
R
B
D
R
D
E
P
I
H
:
"
:
F
S
.
1
,
"
F
E
E
T
"
/
)
END
S
U
R
R
U
U
T
I
N
E
P
T
A
(
A
A
A
,
N
E
W
,
N
P
L
)
’
P
R
I
N
T
U
U
T
R
O
U
T
I
N
E
F
U
R
U
N
I
T
E
D
S
T
A
T
E
S
A
N
D
C
A
N
A
D
I
A
N
T
R
A
F
F
I
C
DIMENSION AAAtISIS)
COMMON /NCDM/ NPG:DPT,NCA(2,S),NCB(2,S),ITJ(10)
COMMON
/Mch/
MON
(13),
ITI
(10)
CUMMDN ICUUNTRY / COUNTRY(2)
N=NEW
TEST
IF
US
OR
CANADIAN
RUN
IF{NPL) 100,100,200
PRINTUHT
FOR
U.S.
TRAFFIC
W
R
I
T
E
(
7
1
1
0
0
0
)
C
O
U
N
T
R
Y
(
1
)
I
N
C
A
DO
110
J:
115
.
W
R
T
T
F
(
7
,
1
0
1
0
)
M
O
N
(
N
)
,
(
N
C
A
(
I
,
J
)
,
I
=
1
,
2
)
,
(
A
A
A
(
J
I
I
)
I
1:
1,5)
W
R
I
T
E
(
7
,
1
0
2
0
)
C
O
U
N
T
R
Y
(
1
)
I
N
C
B
DO 120 J: 1, S
W
R
I
T
E
(
7
'
1
0
1
0
)
M
0
N
(
N
)
I
(
N
C
A
(
I
I
J
)
,
I
=
1
,
2
J
I
(AAA(J+5,I), I: 1,
WRITE
(7,1030)
COUNTRY(1)INCA
D
D
1
3
0
J
:
1
,
5
W
R
I
T
E
(
7
,
1
0
1
0
)
M
U
N
(
N
)
,
(
N
C
B
(
I
,
J
)
,
I
=
1
I
2
)
I
(
A
A
A
(
J
+
I
O
I
I
)
I
I
=
1
1
5
)
RETURN
PRINTUUT
FOR
CANADIAN
TRAFFIC
WRITE
(7'1040)
CDUNTRY(2),NCB
DU 210 J: 1, 5
W
R
I
T
E
(
7
,
1
0
1
0
)
M
O
N
(
N
)
,
(
N
C
B
(
I
I
J
)
I
I
=
1
,
2
)
I
(AAA(IIJ)I I: 6110)
W
R
I
T
E
(
7
,
1
0
5
0
)
C
O
U
N
T
R
Y
(
2
)
,
N
C
B
DU 220 J: 1, 5
W
R
I
T
E
(
7
1
1
0
1
0
)
M
D
N
C
N
)
I
(
N
C
A
(
I
I
J
)
I
I
=
1
I
2
)
I
(
A
A
A
C
J
1
1
3
1
I:
1,
5)
WRITE
(711060)
COUNTRY(2)INCA
D
O
2
3
0
J
:
1
1
5
2
3
0
W
R
I
T
E
(
7
.
1
0
1
0
)
M
O
N
(
N
)
:
(
N
C
B
(
I
:
J
)
,
I
=
1
r
2
)
I
(AAA(I'J)r I: 11:15)
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RETUQK
1000 FORMAT (l/I3XIA3.1X:19HDOMEST1C SHIPMENTSp28X:11HDESTINATION,/,
/ 20X: §(2X1 2h6): /I 2X. ZHMOr 7X: 6HDRIGINI /)
1010 FORMAT (1x, AS, 3x, 2A6, 3x. F10.6. acax, F10.6))
1020 FORMAT (//;3X,A3,1X,19HEXPURT SHIPMENTS .28X111HDESTINATIDNp/,
/ 20X, R(2X, 2A6), /, 2X, BHMO, 7X, bHDRIGIN: /)
1030 FORMAT (//;3X,A3,1X,19HIMPORT RECEIPTS ,ZﬁxuliHDESTINATIONr/I
1040 FORMAT (1/.3X,A3,1X,19HDPMESTIC SHIPMENTS:28X'11HDESTINATTUN,/,
/ 20x, §(2x, 2A6), /, 2X, EFMO. 7X, bHDRIGIN, /)
1050 FDRNAT (//,3x,A3,1x,19HIMPCRT RECEIPTS IZBXIIIHDESTINATIDNp/r
/ 20x, 5(2x. 2A6). /, 2x, ahmﬂ, 7x, eHDRIGIV; /)
1060 FURNAT (//,3X,A3:1X:19HEXPURT SHIPMENTS ,28X,11HDESTINATIDN,I,
/ 20x. Stzx, 2A6), /, 2X. ZHMO, 7X, eHCPIGLN, /)
FM".
SURRWLTLNE SPT(VAR,[CRGP,IIIME,TSHAL‘
SUMNARY PQTNTOUT ROUTINE
DIMENSTGM VAR (10.12), TCL (10), SH1 (12)
COMM”! /NCnM/ NPGpDPTyMCA(2pS)INCR(2,S).ITJ(10)
COVNPK IVSAVE/ SAVE(30:8)
CUMVGA /wcnm/ New (13), ITI (1“)
DATA DSH/bH------/
DATA M‘DNTH, “ROUTE / 12, 10/
WRITF (7,1“003
DU 100 I: 1, NRDUTE
100 TCL(I) = 0.0
TUT=0.0
D
O
1
3
0
J
:
1,
N
M
O
N
T
H
SHM(J) = 0.0
DU 120 I: 1, NPOUTE
TCL(I) = TCL(I) + VAR(I,J)
120 SUM(J) = SUMfJ) + VAP(IIJ)
TOT ; TOT + SthJ)
130 canthE
nD
11
0
J
=
1,
N
M
O
N
T
H
110
WRI
TE
(7.
101
0)
MUN
(J)
,
(VA
R
(Ir
J3o
I=1
,NR
DUT
E):
SUM
(J)
ICR=ICPUP
IF (ISHAL .E0. 1) ICP=ICRop+a
SAVE (TTIMFITCP)=TUT
WRITE (7,1020) (DSH I I = 1, 2?), TCL'TOT
RETURn
10
00
FD
PM
AT
(/
1X
,S
HM
DN
TH
:5
X,
IH
S,
9X
:2
HM
H,
10
X'
1H
E,
1O
X,
1H
0,
8x
,u
Hs
-N
H,
6
/x,
bHs
-NH
-E,
ax,
BHS
-MH
-E—
n,
5x,
uHN
H-E
,
6x,
bHM
H-E
-n,
ax,
3HE
-O,
/ 7X,"TnTAL"/)
101
0 F
OPM
AT
(
1X.
Au,
2X:
F9.
6,
9(2
X:
F9.
b):
2X:
F11
.6)
102
0
FOR
WAY
(15
”,3
2A6
1/1
H
IQH
TUT
AL,
F10
.6,
9F1
1.6
;F1
3.6
)
- EN“
SHRRGLTINE DEPTH(IaJprTERuO:HPP‘~
ASS
IGK
ROU
TE
NUM
BER
ACCO
F‘DT
NG
TU
UPI
GIN
AND
DES
TIN
ATI
ON
INTEGEP D
CDMMQ; [han/ V,~,L
coumon /CTMP/ ARRAY(12,77:103
CQMMCh /CSLR/ SLR(12r11)
CUVMDN /CVLC/ VLC(11)
DIMENSION IROUTE(5(5)
DATA IPW'TF l1'51516'7'5I2'2'RIQISIEI2'81916'8l8l3!10I7Iqlql10'0/
IJ=I
90 IF (IJ .LT. 6) GO TO 100
D-133
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IJ=IJ-S
GO TD 50
100 U=IRUUTECIJIJJ
MATﬁpzAPRAY(N,M,ﬂ) + HDP
1F (WATER-SLR(N,L)) 120,120,110
110 WATEP=SLRCNIL)
120 IF (WATER-VLC(L)) 140,1ﬂ0.130
130 WATER=VLC(L)
140 RETURN
END
SURRUUTINE NLDCITIMEIJERPOR,ITJ)'
READ AATER LEVEL DATA
COMMON ICTMP/ ARRAY(12;77L10)
DIMENSION TEMP(10)IITJ(1O)
ICNT=D
IT=ITIME+10
READtIT,1001) ITJ
1001 FORMAT (10A8)
900 DEAD (IT,IDDD) IMHN,IYR,(TEMD(I),1=1.ID)
TF (EOFCIT)) 999.901
1000 FORMAT (7x.I?.2x.12,17X,10FS.2)
901 IF (IADN .LE. 0) GO TO 900
TF (INON .EQ. 99) GO TO 999
IF (INUN ,GT. 12) Go In 900
IF (IYR .GT. 76) GO TO 900
D0 800 1:1,10
600 ARRAY(IMCN,IYR+1:I)=TEMP(I)
' ICNT=ICNT+1
GO TO 900
999 IF (ITINE .NF. 1) GO TO 997
wRITE (3,998) ICNTIITJ
998 FORMAT (/7X,20HRECORDS READ IN WLD .IS.ux,10A8)
ISAVE=ICNT
RETURN
997 WRITE (3.996) ICNTIITJ I '
996 FORMAT ( /7x,20HRECORDS READ IN WLD .ISIAX'10A8)
IF (ISAVE .EO. ICNT) RETURN
WRITE (3,990) ISAVE
990 FORMAT (8X,"THIS DOES NOT EQUAL THE ",I0,
1 " RECORDS READ FOR THE BASE CASEF/BX,
2 "ANALYSIS SKIPPED -PLEASE CORRECT THIS PROBLEM"/)
99$ JEPROR=1
WRITE (3:100?)
WRITE (3.1000) IMON'IYR,(TEMP(I):I=1,10)
1002 FORMAT (2X,"t** DATA ERROR ***~)
pETupA
FM")
SURROLTINE FINDIT (ID,ID.I,J)
DINENSIDN LAKE(S) '
CONVERT ALPHA CHARACTERS INPUT FUR LAKE ORIGIN AND DESTINATION
TD NUMERIC SUBSCRIPTS TO BE USED WITHIN PROGRAM
DATA LAKE / 1H5, lHMr IHH, IHE. 1H0 /
I=0
J=0
DU ‘0 K=115
IF (ID .ED. LAKEtK)) GO TO 20
10 CONTINUE
as WRITE (6:50) 10.10
SD FORMAT (/Ix,"INPUT DATA ERROR-ORIGIN 0R DESTINATION Is INCORRECT”
1 2A3/)
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20
30
“0
60
1080
GO TO 60
I=K
DO 30 K=115
IF (ID .EQ. LAKECKD) GO TD “0
CONTINUE
GO T0 “5
J=K
RETURN
END
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 00080
00090
00100
00110
00120
00130
00100
00150
00160
00170
00180
00100
00200
00210
00220
00230
00200
00250
00260
00270
00280
00290
00300
00310
00320
00330
00300
00350
00300
00370
00380
00390
00000
00410
00020
00030
00000
00050
00050
00070
00080
00090
00900
00510
00920
00530
00€un
00550
00560
00570
00580
00390
00600
00610
00620
0063n
00600
00650
00600
00670
, PRESENT NORTH PROGRAM
FASE 0
DIN P(500)
F39 L=0 TD 500
LFT PfL)=O
hEXT L
PﬁI”T UbING "0UMHER 0F YEARS";
I‘lPliT 01
PRINT "uUKRER OF YEARS";
PPTWT
DEV
PRIkT "ENTFP A 1 FOR CDMSTAMT ABSOLUTE CHANGE up n;
DRINT "ENTER A 2 FUR A cnmsTAmT"
PRINT "PATF OF CHANGE IN DETERMINING INTERPOLATED YEARS":
INPUT 11
IF T1>3 THEN 160
IF 11<1 THEN 150
00107
90107 "EFTFR THE PRUJECT YEAR ALONG 0170 THE VALUE "
PPIAT "ASSOCIATED WITH THAT YEAR"
pHUT "IN ASCENDIHG PRQJFCT YEAR ORDER. IF VALUES ARE NUT "
PRIAT "IN ASCENDING ORDER" ,
PRINT "50000 VILL DCCUR In THE ANALYSIS,"
pgv
LET RR:0
LFT 00:0
LET PS=0
INPUT 19,P6
IF TQ>0 THEN 390
LEY wu=pe
LFT P§=Pb
GOT? 300
LFT kq=IQ-NB
LET PCIQ)=P6
IF I1=2 THEN 530
IF 11:3 THEN 090
LET Z=(P5-PS)/KQ
LFT 0=K°—1
FOP 21:1 TU M
LET 22=NB+21
LET P(22)=PS+71*Z
NFXT 21
IF 70>: 01 THFN 660
[FT 08:19
LET PR=P6
GDYP 300
IF P5=0 THEN €50
GO TC 560
LFT P5=.1101
IF Pb=0 THEN $80
GOTP §90
LET P6=,001
LFT p2=EXP(1/K9*LOG(P6/PSJ)-1
LFT 1«:r\9-1
F”? 21:1 TU N
LET 22=WP+Z1
LET P(22)=PS«(1+R2)'ZI
NEXT 71
80TH 090
PRYNT "EhTFR YEAR 1 COST"
INPUT 19,Pb
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00680
00690
00700
00710
00720
00730
00700
00750
00750
00770
00780
00790
00800
00810
00815
00820
00625
00830
00000
00850
00860
00970
00380
00890
00900
00010
00920
00930
00000
00950
00960
00970
IF 19>N1
THEN 710
L
E
T
P
E
I
Q
)
=
P
(
I
9
)
-
P
b
GUTU 670
LET I?=0
LET Pﬁzn
GOSUE 870
GOSVH 920
L
E
I
A
u
=
N
0
+
1
IF AHS(52) < .001
L
E
T
1
?
:
1
2
-
.
S
*
5
2
/
0
2
GOTP 730
THEN 790
PRINT
PRINT
PRINT
PRINT USING
PRINT "
PRINT
PQTLT
"ITERATIONS ":
"##aaa",
I/R/R IS ";
U
S
I
N
G
"
#
#
#
.
#
#
#
#
"
,
12
"A
NO
TH
ER
RU
M
(Y
0?
N)
“:
INPUT Y$
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